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10.41 AOC 583, Northeast Corner of Building 236 

AOC 583 comprises the activities conducted in the northeast comer of Building 236 which was 

constructed in 1982. The north side of the building houses conference rooms, offices, a locker 

room, and a pipe-fitting shop. The shop area contains a Freon recycling and distillation unit, 

associated piping, and three USTs. Five additional USTs containing petroleum products are 

located outside the northeast corner of the building. In 1986, approximately 200 gallons of 

rinsatecontaining paint stripper were discharged outside the northeast end of the building to the 

storm drain. 

Materials of concern identified in the Final Zone E RFI Work Plan include Freon, paints, solvents, 

and petroleum hydrocarbons. Potential receptors that may be exposed to site con taminants include 

current and future building users and any site workers this area may support following base 

closure. 

To fulfill the RF;I objectives for AOC 583, soil and groundwater were sampled in accordance with 

the Final Zone E RFI Work Plan (E/A&H, June 1995) and Section 3 of this report to determine 

whether any contamination resulted from onsite activities. 

10.41.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at AOC 583 from the locations shown in Figure 10.41.1. The 

Final Zone E RFI Work Plan, proposed collecting four soil samples from the upper interval and 

four samples from the lower interval. Soil samples were also collected at both intervals for the 

three shallow monitoring well locations proposed at this site. 

First-round Sampling - During the first round of sampling, all seven proposed upper- and 

lower-interval samples were collected. 



-- 

a - CORE SAMPLES NAVAL BASE CHARLESTO 
@ - DEEP MONITORING WELLS CHARLESTON, S.C. 
@ - SHALLOW MONITORING WELLS 
A - SEDIMENT SAMPLES 

- THICKNESS SAMPLES 
- MPE SAMPLES 
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First-round samples were submitted for analysis at DQO Level III for VOCs, SVOCs, and metals. 1 

One upper-interval sample selected as a duplicate was analyzed at DQO LRvel IV for Appendix IX 2 

analytical parameters, which includes the requested suite of parameters plus a more comprehensive 3 

list of VOCs, SVOCs, as well as herbicides, hexavalent chromium, organophosphorus pesticides, 4 

and dioxins. Table 10.41.1.1 summarizes the first round of soil sampling at AOC 583. 5 

Table 10.41.1.1 
AOC 583 

First Round Soil Sampling Summary 

Samples Samples 
Interval h o p e d  Collected Analyses Proposed Analyses Collected Deviations 

UP 7 7 VOC, SVOC, and metals VOC, SVOC, and metals None 

Lower 7 7 VOC, SVOC, and metals VOC, SVOC, and metals None 

Second-round Sumpling - Second-round sampling was performed at AOC 583 after first-round 

analytical results were compared to the USEPA Region 111 R3Cs and SSLs (April 1996). 

Parameters exceeding RBCs and SSLs included SVOCs. Section 10.41.2 details specific 

parameters and locations which exceeded RBCs. 

The second round included three upper- and three lower-interval samples to determine the extent 

of constituents detected during first-round sampling. Two of three proposed upper-interval 

samples and one of three lower-interval samples were collected. One upper-interval and Iower- 

interval sample could not be collected due to surface obstructions at that particular sample 

location. One lower-interval sample could not be collected due to subsurface obstructions such 

as wood or rocks. 
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Second-round samples at AOC 583 were submitted for analysis of VOCs, SVOCs, and metais. 1 

No duplicate samples were collected during the second round of sampling. Table 10.4 1 . l .  2 2 

summarizes the second round of soil sampling at AOC 583. 3 

Table 10.41.1.2 
AOC 583 

Second Round Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Prop&ed coII&ed Proposed Collected Deviations 

Upper 3 2 VW, SVW, and VOC, SVOC, Qne sample c d d  not be 
metals pesticide, cyanide, colfected due to surface 

a8d metals o b d o n s ;  one sample 
iaadverrently analyzed for 
pesticides imd cyanide 

Lower 3 1 VOC, SVOC, and VOC, SVOC, Two samples could not be 
metals pesticide, cyanide, collected due to surface and 

and metals subsurface obstructions; one 
sample inadvertently analyzed 
for pesticides and cyanide 

10.41.2 Nature of Contamination in Soil 4 

Organic compound analytical results for soil are summarized in Table 10.41.2.1. Inorganic 5 

analytical results for soil are summarized in Table 10.41.2.2. Appendix H contains the complete 6 

data report for all samples collected in Zone E. 7 

Table 10.41.2.1 
AOC 583 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrid Exceeding 
Compound Interval Deteaion Cone. Conc. RBC RBC 

VOCs 0 
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Table 10.41.2.1 
AOC 583 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

vocs @g/kg) 

Carbon disulfide Lower 118 33.0 33.0 N A N A 

Methylem chloride U P P ~ ~  418 2.00 - 28.0 15+3 750,000 0 

Lawer 5/8 2.90 - 37.0 14.8 NA MA 

Anthracene Upper 2/9 79.0 - 1 LO 94.5 61,000,000 0 

Lower 218 45.0 - 5130 273 N A N A 

Benzo(g.h.i)perylcne UPXK~ 519 46.0 - 220 110 8,200.000 0 

Lower 318 47.0 - 2,600 912 NA NA 

Benzoic acid Upper 4/9 64.0 - 2 LO 110 100,0@€),000 0 

Lower 5 18 85.0 - 4'20 268 NA NA 

Lower 118 38.0 38.0 N A N A 

Carbazole Upper 111 82 .O 82.0 290,000 0 

Dibenzofuran Lower 118 59.0 59.0 NA NA 

Diethylphthalate Lower 1/8 42.0 42.0 N A N A 

Fluornnthene UPPr 619 56.0 - 800 3 13 8,290,000 0 

Lower 318 210 - 3,400 1,300 NA NA 

Fluorene Upper 119 71 .O 71 .O 8,200,000 0 

Lower 118 180 180 N A N A 
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Table 10.41.2.1 
AOC 583 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

Naphthalene Upper 119 58.0 58.0 8,200,000 0 

Lower 318 I 4 0  - 1,700 690 NA NA 

Pyrene UPPer 519 150 - 740 402 6,lDa,000 0 , 

Lower 318 230 - 6,400 2.330 NA NA 

SVOCs (B(a)P Equivalents) oL%Lg) 

B(a)P Equiv. U P P ~ ~  519 101 - 469 250 780 0 

Lawer 3 18 118-5,990 2.f10 N A NA 

Lower 318 96.0 - 4.100 1.450 N A NA 

&nzo(b)flwranthene Upper 519 n.0 - 290 f 67 7,800 0 

Lower 318 100 - 3,MX) 1,080 N A N A 

81.0 - 300 170 780 

Lower 318 93.0 - 3,700 1.310 NA NA 

Chrysene Upper 5 19 98.0 - 340 216 780,OOO 0 

Lower 318 130 - 4,4CK1 1,580 N A N A 
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Table 10.41.2.1 
AOC 583 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceedhg 
Compound Interval Detection Conc. Conc. RBC RBC 

Lower 318 42.0 - 2,200 769 N A N A 

Dioxin Iiquiv. Upper 111 0.309 0.309 1 .OM 0 

1234678-H&DF W r  111 3.32 3.32 NA NA 

OCDD Upper 1 / 1  151 151 NA NA 

Notes: 
uglkg = Micrograms per kilogram 
ngtkg = Nanograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 

Table 10.41.2.2 
AOC 583 

loorganic Detections for Sail (mglLg) 

Number of 
Samples 

Range of Mean of 
Deterted SPmplc Freq. of Detected Industrial Reference RBC Pnd 

Ekmcnt I n t c d  W&OP Conc. Cow. RBC Conf. RC 

~~ummkttn (d l  uppet 9r9 3.740 - 14,m 6.700 roo,ooo 26,600 o 

Lower 818 1.593 - 16,200 7.990 NA 41. I00 N A 

Antimony (Sb) Upper 419 0.440 - 3.50 1.35 82.0 1.77 0 

Lower 318 0.690 - 3.40 1.80 N A 1.60 N A 
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Table 10.41.23 
AOC 583 

Inorganic D e t d ~ w  for Soil (mglkg) 

Number of 
b p l c s  

u of Meau of 
Smmple Freq. of Detected Detected Industrial Reference R B C d  

Elemtnt Intend Detection Canc. Conc. RBC Conc. RC 

Arsenic {As) UPFr 919 0.760 - 5.10 3.27 3,80 23.9 0 

Barium (Ba) Upper 919 14.2 - 33.2 21.2 14,000 130 0 

Cadmium (Cd) Upper 3/9 0.110 - 0.170 0.130 100 1.50 0 

C d c h  (Ca) U P P  W9 6,110 26,400 15, IcX) NA N A N A 

Chromium (Cr) Upper 919 9.80 - 179 56.2 1.000 94.6 0 

Lower 818 2.10 - 34.7 19.0 N A 75.2 N A 

Cobalt f Co) upper 919 1.000 - 3.80 2.03 12,CRW 19.0 0 

h w c r  818 0.270 - 4.40 2.11 NA 14.9 N A 

Lower 818 0.480 - 14.3 5.04 N A 152 N A 

Imn (Fe) U W ~  9/9 2,230 - 12,000 5.790 61,000 N A 0 

Lower 818 752 - 31,100 13,8M N A N A NA 

Lead (Pb) U P F ~  919 5 .00  - 39.8 23. ;! 1.300 265 0 

Lower 818 1.60 - 41.9 173 N A 

m ! = S h  (Me) UWr 919 460 - 3,130 1,960 NA NA NA 

Lower 818 115 - 1.980 1,340 NA N A N A 
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Table 10.41.2.2 
AOC 583 

Inorganic Detections for SoU (@kg) 

Number of 
h p k s  

Range of Mean of 
Sample Freq. of Dctectd 

- 
Detected industrial Reference RBC and 

Elcment intend Detedion Cone. Cwc. RBC Conc. RC 

Manganese (Mn) Upper 919 22.1 - 238 94.7 4.700 302 0 

Lower 818 3.70 - 153 69.0 N A 88 1 N A 

Nickel (Ni) Upper 919 2.20 - 7.80 5.11 4, 100 77.1 0 

Lower 818 0.700 - 7.70 4.31 N A 57.0 N A 

Selenium (Se) Lower 218 1.10 - 1.20 I .  15 N A 2.40 N A 

Silver (Ag) Lower 1 l8 0.390 0.390 N A NA N A 

Sodium (Na) Upper 719 158 - 353 263 N A N A N A 

Lower 618 174 - 402 297 N A N A N A 

'rhdb m) Lower 21 8 0.670 - 1.000 0.835 NA N A NA 

Tin (Sn) Upper 119 2.90 2.90 100.000 59.4 0 

Lower 118 3.00 3.00 NA 9.23 N A 

'hnadhm @) UPPCT 919 6.70 - 2 1.4 11.8 1,400 94.3 0 

Zinc (Zn) Upper 919 7.00 - 87.8 47.5 61,000 827 0 

Lower 818 2.10 - 52.2 23.9 N A 886 N A 

Notes: 
mgkg = Milligrams per kilogram 
RBC = Risk-based concentration 
RC = Reference concenmtion 
N A = No industrial RBC or RC esmblished 
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Volatile Organic Compounds in Soil 

Four VOCs were detected in soil samples collected at AOC 583. Seven detections occurred in the 

upper interval and ten in the lower interval. No VOCs exceeded their respective industrial RBC 

in the upper interval or respective SSL in the lower interval. 

Semivolatile Organic Compounds in Soil 

Twenty-four SVOCs were detected in soil samples collected at AOC 583. Sixty-eight detections 

occurred in the upper interval and 45 in the lower interval. No SVOCs exceeded their respective 

industrial RBC in the upper interval. However, two SVOCs - benzo(a)antbracene and chrysene 

- exceeded their respective SSL in the lower interval. 

Benzo(a)anthracene was detected in three of eight lower-interval samples with a range of 96 to 

4,100 pglkg and a mean of 1,450 pglkg. One lower-interval sample (583SB007, 4,100 pg/kg) 

exceeded the benzo(a)anthracene SSL of 700 pglkg. 

Chrysene was detected in three of eight lower-interval samples with a range of 130 to 4,400 pglkg 

and a mean of 1,580 pglkg. One lower-interval sample (583SB007, 4,400 pglkg) exceeded the 

chrysene SSL of 1,000 pglkg . 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOC 583, The 

upper-interval BEQ was calculated with detections in five samples, with a range of 101 to 

469 pglkg and a mean of 250 pglkg. No upper-interval samples exceeded the BEQ industrial 

RBC of 780.0 pglkg. The lower-interval BEQ was calculated with detections in three samples, 

with a range of 1 18 to 5,9900 pglkg and a mean of 2,110 pglkg . One lower-interval sampled 

(583SB007, 5,590 pglkg) exceeded the BEQ SSL of 4,000 pglkg. 
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Pesticides in Soil 

One pesticide - 4,4'-DDE - was detected in soil samples collected at AOC 583. One detection 

occurred in the lower interval and zero in the upper interval. The pesticide did not exceed its 

respective SSL in the lower interval. 

Other Organic Compounds in Soil 

Four dioxins were detected in the upper-interval duplicate soil sample collected at AOC 583. No 

industrial RBCs have been established for the detected dioxins. 

In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated for the 

upper-interval duplicate soil sample. The calculated TEQ of 0.309 ng/kg did not exceed the 

industrial RBC of 1,000 ng/kg. 

Inorganic Elements in Soil 

Twenty-four metals were detected in soil samples collected at AOC 583. One hundred and sixty- 

six detections occurred in the upper interval and 144 in the lower interval. No metal exceeded 

both its respective indusmal RBC and background RC in the upper interval or respective SSL and 

background RC in the lower interval. 

10.41.3 Groundwater Sampling and Analysis 

One deep monitoring well and three shallow monitoring wells were installed and sampled to assess 

groundwater quality at AOC 583 as shown in Figure 10.41.2. The wells were installed as follows: 

Shallow Wells - NBCE583001, NBCE583002, NBCE583003 

Deep Wells - NBCE58302D 

Groundwater samples were submitted for analysis at DQO Level I11 for VOCs, SVOCs, metals, 

chlorides, sulfates, and TDS. No duplicate samples were collected at AOC 583. Table 10.4 1.3.1 

summarizes groundwater sampling and analysis at AOC 583. 



-- 

- SOIL BORINGS 
- CORE SAMPLES 
- DEEP MONITORING WELLS 
- SHALLOW MONITORING WELLS 
- SEDIMENT SAMPLES 
- THICKNESS SAMPLES 
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Table 10.41.3.1 
AOC 583 

Groundwater Sampfing Summary 

Wells Wells 
Depth Proposed Ins&Ued Analyses Proposed Analyses Collected Deviations 

Shallow 3 3 VOCs, SVOCs, metals VOCs, SVDCs, meals None 

Deep 1 1 VOCs, SVOCs, metals VDCs, SVOCs, metals None 

The shallow monitoring wells were installed at 13.1 to 13.5 feet bgs in the surficial aquifer. The 

deep well was installed at 30.2 feet bgs at the base of the suriicial aquifer. All wells were installed 

in accordance with Section 3.3 of this report. 

10.41.4 Nature of Contamination in Groundwater 

Organic compound analytical results for shallow and deep groundwater are summarized in 

Tables 10.41.4.1 and 10.41 A.2, respectively. Inorganic analytical results for shallow and deep 

groundwater are summarized in Tables 10.41.4.3 and 10.41.4.4. Appendix H contains the 

complete data report for all samples collected in Zone E. 

Table 10.41.4.1 
AOC 583 

Organic Compounds Detected in First Quarter Groundwater Olgn) 
Shallow Monitoring Wells 

Number of 
Range of M e ~ n  of Samples 

Freq. of Detected Detected TapWater 
Compound Detection Conc. Conc. RBC MCL RBC 

Exceeding 

VOCs 

Acetone 2 3  7.00 - 56.0 31.5 370 NA 0 

Notes: 
~ g l L  = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
NA = No MCL established 
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Table 10.41.4.2 
AOC 583 ' 

Organic Compounds Detected in First Quarter Groundwater W L )  
Deep Monitoring Wells 

Number of 
Range of Mean of Samples 

h q .  of Detected Detected TapWater Exceeding 
Compound Detection Conc. Conc. RBC MCL RBC 

vocs 

Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
NA = No MCL established 

Table 10.41.4.3 
AOC 583 

Inorganics Detected in F i i  Quarter Groundwater bglL) 
Shallow Monitoring WeUs 

Number of 
Range of Mean of Tap- Samples 

Freq. of Detected Detected Water Reference Exceeding 
Element Detection Conc. Conc. RBC Cone. MCL RBCandRC 

Calcium {Ca) 2!3 65,600 - 67,700 66,700 NA NA NA NA 

Cobalt (Co) 1 I3 3.70 3.70 220 2.5 N A 0 

Lead (Pb) l13 5.20 5.20 NA 4,8* 15,O 0 

Magnesium (Mg) 313 4,800 - 30,000 14,000 N A N A NA N A 

Potassium (K) 113 27,400 27.400 N A NA N A N A 

Sodium (Na) 313 66,800 - I29.000 101,000 NA N A NA NA 

Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC, MCL, or RC established 
s = TTAL 
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Tabke 10.41.4.4 
AOC 583 

Inorganic Detectiolr~ for First QuPrter Groundwater w) 
Deep Monitoring Wells 

Number of 
Range of Mean of Spmples 

Frq.  of Detected Detected Tapwater Reference 
Detcetlan Cmc. Cmc. RBC CO~KI. MCL RBCandRC 

AWL& (As) 1! 1 15.6 15.6 0.0450 16.4 50.0 0 

Calcium (Ca) 111 93,400 93,400 N A N A N A N A 

Magnesium (Mg) 111 45.600 45,600 N A N A N A N A 

Nickel (Ni) 111 27.5 27.5 73.0 42.2 100 0 

Sodium (Na) 111 614.000 614,000 N A N A N A N A 

Notes: 
pg/L = Micrograms per liter 
RBC = Risk-bad concentration 
MCL = Maximum contaminant level 
RC = Refereme concentration 
NA = No RBC, MCL. or RC established 

Volatile Organic Compounds in Groundwater 1 

Shallow Groundwater 2 

One VOC was detected in two of three shallow groundwater samples collected at AOC 583. The 3 

VOC did not exceed its respective tap-water RBC. 4 

Deep Groundwater s 

One VOC was detected in the one deep groundwater sample collected at AOC 583. The VOC did 6 

not exceed its respective tap-water RBC. 7 
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Inorganic Elements in Groundwater 

Shallow Groundwater 

Seven metais were detected in shallow groundwater samples collected from AOC 583. None of 

the metals exceeded both their respective tap-water RBC and shallow groundwater RC. 

Deep Groundwater 

Eight metals were detected in the deep groundwater sample collected from AOC 583. None of 

the metals exceeded both their respective tap-water RBC and deep groundwater RC. 

10.41.5 Fate and Transport Assessment for AOC 583 

AOC 583 is comprised of the activities conducted in the northeast corner of Building 236, 

including a pipe-fitting shop area containing a Freon recycling and distillation unit, associated 

piping, and three USTs. Five additional USTs containing petroleum products are located outside 

the northeast comer of the building. The surrounding physical setting consists of Building 236, 

which is built on a concrete slab, and asphalt pavement outside the building. Environmental media 

sampled as part of the AOC 583 RFI include surface soil, subsurface soil, and shallow and deep 

groundwater. Potential constituent migration pathways investigated for AOC 583 include soil to 

groundwater, groundwater to surface water, and emission of volatiles from surface soil to air. 

10.41.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.41.5.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. For inorganics, maximum concentrations in soil are compared to the greater of 

(a) risk-based soil screening levels, or (b) background reference concentrations. To provide a 

conservative screen, generic soil screening levels are used; leachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 
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Six organic compounds - methylene chloride, benzo(a)anthracene, benzo(b)fluoranthene, 

dibenzo(a,h)anthracene, n-nitrosodi-n-propylamine, and pentachlorophenol - were detected in 

AOC 583 soil at concentrations exceeding groundwater protection SSLs . Methy lene chloride was 

detected at concentrations exceeding its generic SSL in two surface soil samples (583SB002 and 

583SB006) and two subsurface soil samples (583SB005 and 583SB006). Benzo(a)anthracene, 

benzo(b)fluoranthene , and dibenzo(a, h)anthracene were detected at a concentration exceeding their 

respective generic SSLs in the same subsurface soil sample (583SB007). N-nitroso-di-n- 

propylamine and pentachlorophenol were detected at concentrations exceeding their respective 

generic SSLs in the same surface soil sample (583SBOM). 

Two inorganics - antimony and chromium (total) - were detected at concentrations exceeding 

their respective groundwater protection SSLs. Antimony was detected at a concentration 

exceeding its generic SSL in one surface soil sample and one subsurface soil sample from the same 

soiI boring (583SB008). Chromium was detected at a concentration exceeding its background 

reference value in one surface soil sample (583SB003). No constituent (organic or inorganic) 

exceeding generic SSLs and/or background reference values were detected in first-quarter 

groundwater samples at AOC 583, indicating that current soil-groundwater equilibrium is 

sufficiently protective of the surficial aquifer. 

10.41.5.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.41.5.1 also compares maximum detected organic constituent concentrations in shallow 

and deep groundwater samples to risk-based concentrations for drinking water, and to chronic 

ambient saltwater quality criteria values for the protection of aquatic life (saltwater surface water 

chronic screening values). For inorganics , maximum concentrations in groundwater are compared 

to the greater of (a) risk-based drinking water concentrations, or (b) background reference 

concentrations for groundwater, as well as to the saltwater surface water chronic values. To 
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provide a conservative first-tier screen, no attenuation or dilution of constituents in groundwater 

is assumed before comparison to the relevant standards. 

More than 11 feet of clay and sandy clay overlie the surfkid aquifer in deep well NBCE58302D, 

protecting the aquifer to some extent from con taminants migrating downward from surface soil. 

Boring logs from the three shallow wells show similar high clay content in subsurface soil and the 

upper portion of the saturated zone. No constituent (organic or inorganic) was detected in 

AOC 583 first-quarter groundwater samples above corresponding tap water RBCs, background 

reference values, or saltwater surface water chronic screening levels. As a result, the 

groundwater-to-surface water migration pathway is not expected to be a viable pathway at 

AOC 583. 

10.41.5.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.41.5.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSIs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DM= 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a threat to surface water 

quality, after allowing for dilution of groundwater by surface water when the groundwater 

discharges into the river. The site-specific surface-water dilution factor calculated for AOC 583 

is 70,200: 1 (see Table 6.2.1). 
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None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River. 

10.41.5.4 Soil-to-Air Cross-Media Transport 

Table 10.41.5.3 lists the VOCs detected in surface soil samples collected at AOC 583 along with 

corresponding soil-to-air volatilization screening levels. Minimal surface soil is exposed at 

AOC 583. In addition, no VOCs maximum concentration exceeded its respective soil-to-air 

volatilization screening level. As a result, the soil-to-air migration pathway is not expected to be 

a viable pathway at AOC 583. 

10.41.5.5 Fate and Transport Summary 

In the first-tier screen, methylene chloride was detected at a concentration exceeding its generic 

groundwater protection SSL in two surface soil samples and two subsurface soil samples. 

Benzo(a)anthracene, benzo(b)fluoranthene, and dibenzo(a,h)anthracene were detected at 

concentrations above their respective SSLs in a single subsurface soil sample. N-nitrosodi-n- 

propylamine and pentachlorophenol were detected at concentrations above their respective SSLs 

in a single surface soil sample. Antimony exceeded its generic SSL in one surface soil sample and 

one subsurface soil sample from the same soil boring. Chromium exceeded its background 

reference value in one surface soil sample. 

No constituent exceeding f~st-tier screening values for soil were detected in first-quarter 

groundwater samples, nor did they exceed the adjusted screening values of the second-tier 

comparisons. This indicates that there is no threat to surface water in the Cooper River via the 

evaluated migration pathways. 



Table 10.41.5.1 
Chcmicats Detected in Surface Soil, Subsurfffie Soil, Shallow Groundwater, and Deep Groundwater 
CompPiaon to SSLs, Tap Watcr RBCa, Salt Water Surfice Water Chronic Screening Lcvela, and Background Concmtlatioru: Tier One 
NAVBASE-Charle8ton Zone E: AOC 5 83 
Charleston, South Carolina 
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NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Y E S  NO NO 
YES NO NO 
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Parameter 

Volatile Otpnir Compounds 
Acetone 
Carbon disuKdc 
Mcthylmc chloride 
1,2,4-Trichlorobcnzenc 

Scmlvolntile Organic Compounds 
Acenaphlhme 
Anthraccnc 
Bcnzoic acid 
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m e  
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4.4'-DDE 

Dioxin Compounds 
Dioxin (TCDD TEQ) 

Inargnnlc Compounds 
Aluminum 
Antimony 
h i c  
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silvcr 
Thallium 
Tin 

Screening Canonrlintion * 
Soil to Salt Wlr. 
GW T q  Water Surf. Wk. 
SSL RBC Chmnic 
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16000 1000 NA 

10 4.1 
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285000 2200 9.7 
5900000 11000 NA 
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2.33E+08 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
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800 0.0092 NA 
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0.025 0.00% NA 

15 0.56 7.9 
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950 0.43 10 
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2.5 15 NA 

23.9 18.7 36 
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32 1.2 NA 

4 18 9.3 
94.6 37000 103 
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152 1500 2.9 
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2.6 I I 0.2 
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Table 10.41.5.1 
Chcmicda Dctected in Surface Soil, Subsurface Soil, Shallow Groundwater, and Deep Groundwater 
Canpsriron to SSLs, Tap Water RBCs, Salt Water Surface Water Chronic Screening Levels, and Background Conocntrationa: Tier One 
N A V B A S E C h a r l ~  Zone E: AOC 583 
Charleston South Carolina 

* Sc-g Conosntrations: 
Soil to GW - Generic S S h  based on D M  = 10, adapted &om 1996 EPA Soil Screening (;uidance or calculated uring valucs from Table 6.2 
Tap Watcr RBC - From EPA Region I11 Risk-Bad Concentration Table, June 3, 1996 
Salt Wakr Surface Water Chronic - From EPA Supplcmmtal Guidance to RAGS: Region 4 Bulletins, Ewlogical Risk Awcssmcnl, November, 1995; Table 2 

In each case, the value shown is the greater of the rclevanl screening value or the  orr responding background reference value 

Units: Scc notes for Table 10.1.5.1 

  round- ~urf ' icc  
Watcr Watcr 

Leaching Migration Migration 
Pomtial Crmccm C a n m  

NO NO NO 
NO NO NO 

Parameter 

V d i u m  
Zinc 

Maw. Concentration 
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.. Soil Soil 
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OW OW 

ND ND 
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Soil to Salt Wtr. 
GW Tap Watcr Surf. Wtr. 
SSL RBC Chronic 

3000 260 NA 
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Soil Water 
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Table 10.41.5.3 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: AOC 583 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region 111 Risk-Based Concentration Table, June 1996. 
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10.41.6 Fixed-Point Risk Evaluation for AOC 583 

10.41.6.1 Site Background and Investigative Approach 

AOC 583 consists of the northeast comer of Building 236, where a shop contained a Freon 

recycling and distillation system as well as several USTs. In 1986, approximately 200 gallons of 

rinsate-containing paint stripper was discharged outside the northeast end of the building to the 

stom drain. This site is located in a highly industrialized portion of Zone E. As a result, the risk 

assessment for this site is presented as a Fixed-Point Risk Evaluation (FRE) following the 

framework presented in Section 7.3. 

A total of nine surface soil samples were considered in the AOC 583 FRE. Four monitoring 

wells were installed as part of the 1995 RFI. Three of these monitoring wells were instaIled into 

the shallow aquifer and one was installed into the deep aquifer. Groundwater data generated from 

the f ~ s t  quarter RFI sampling event are used to represent point risklhazard for the AOC 583 FRE. 

Sections 10.41.1 and 10.41.3 contain summaries of the sampling effort for AOC 583 soil and 

groundwater. 

10.41.6.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.41.6.1 provides CPSS summaries for AOC 583 soil and identifies COPCs based on 

comparison to residential and industrial RBCs and background RCs. Based on residential RBCs, 

BEQ equivalents, antimony, and chromium were identified as COPCs for AOC 583. Aluminum, 

arsenic, beryllium, and manganese were detected in AOC 583 soil at concentrations above their 

RBCs, but were eliminated from consideration in the residential FRE based on comparison to their 

background concentrations. Wilcoxon rank sum test analyses did not result in the inclusion of any 

parameter that had been screened out based on background concentration. 
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Table 10.41.6.2 summarizes the residential COPCs detected at each AOC 583 sample location 

with contribution to risk. As shown, BEQ equivalent compounds contribute to risk for AOC 583 

surface soil, exceeding 1E-06 at five of nine locations. No COPCs were detected in samples 

583SB00 1,583SB002, 583SB004, and 583SB005 that would have contributed to risk estimates. 

Figure 10.41.3 is a spatial presentation of residential risk estimates for AOC 583 surface soil. For 

those samples with detected concentrations of BEQ equivalents, risk estimates range from 2E-06 

to 8E-06 with an arithmetic mean risk of 2E-06 (assuming a derninimus risk of 1E-07 for samples 

with no detectable concentrations of BEQ equivalent compounds). 

Antimony and chromium contribute to hazard estimates for AOC 583 surface soil, but they do not 

exceed unity at any of the nine sample locations. Hazard estimates range from 0.03 to 0.5 with 

an arithmetic mean hazard of 0.2. 

Industrial Scenario 12 

Based on industrial RBCs, no COPCs were identified for AOC 583 surface soil. Arsenic was 13 

detected in AOC 583 soil at concentrations above its industrial RBCs, but was eliminated from 14 

consideration in the residential FRE based on comparison to its background concentration. 1s 

Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that had been 16 

screened out based on background concentration. 17 

10.41.6.3 Fixed-Point Risk Evaluation for Groundwater 18 

Table 10.41.6.3 provides CPSS summaries for AOC 583 groundwater. No COPCs were 19 

identified in groundwater samples at AOC 583. The maximum concentrations of arsenic and 20 

manganese reported in the deep well exceeded their respective B C s ,  but were eliminated from 21 

consideration in the deep groundwater FRE based on comparison to their corresponding 22 

background RCs. AOC 583 deep groundwater data were not sufficient to perform Wilcoxon rank 23 

sum test analyses (less than four samples). As a result. arsenic and manganese eliminated from 2a 
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the deep groundwater FRE based on direct comparison of their maximum concentration to their 

background RCs . 

10.41.6.4 Uncertainty 

AOC 583 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change. This area is located close to the quay wall and soil is likely 

sediment in what was formerly the river bank. Consequently, extensive filling would be required 

to redevelop this site as residences. Therefore chronic exposure to surface soiI conditions, as 

represented by the samples results used in this FRE, would not be likely under any future use 

scenario. These factors indicate that exposure pathways assessed in this FRE would generally 

overestimate the risk and hazard posed to currentlfuture site workers and future site residents. 

Groundwater is not currently used as a potable water source at AOC 583, nor is it used at 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 
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unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. 

Quantification of RisWHazard 

Soil 

A conservative screening process was used to identify COPCs for AOC 583. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative RBCs 

in combination with the use of maximum detected concentrations for comparison minimizes the 

likelihood of a significant contribution to risWhazard based on eliminated CPSSs. Of the CPSSs 

screened and eliminated from formal assessment based on comparison to RBCs, none was reported 

at a concentration close to its RBCs (e.g . within 10 % of its RBCs). 

Aluminum, arsenic, beryllium, and manganese were reported in AOC 583 soil at concentrations 

above their RBC benchmarks, but were eliminated from consideration in the FRE based on 

comparison to their corresponding background concentrations. As a result, their contribution to 

risklhazard has not been considered in this FRE. 

Groundwater 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to risldhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at concentrations close to its RBCs (e.g . within 10 % of its RBCs). 
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Arsenic and manganese were reported in AOC 583 deep groundwater at maximum concentrations 

above their respective RBC benchmarks, and were eliminated from consideration in the FRE based 

on comparison to their corresponding background concentrations. As a result, their contribution 

to hazard has not been considered in the deep groundwater FRE. 

10.41.6.5 FRE Summary 

The risk and hazard posed by contaminants at AOC 583 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. The groundwater FRE was based on first 

quarter data and considers both the ingestion and inhalation pathways. Risk and HI estimates are 

presented on Table 10.41.6.2 such that a risk (E-06) or HI that exceeds one for any COPC at any 

given sample location is an indication that the concentration of that COPC exceeds its RGO 

(calculated at a target risk of 1E-06 and a target hazard quotient of 1). Section 7, Tables 7.3.1, 

7.3.2, and 7.3.3 provide residential, industrial, and residential groundwater RGOs, respectively, 

for all of the COPCs identified for Zone E. 

Soil - Residential Scenario 

BEQ equivalent compounds were detected in AOC 583 surface soil at concentrations above their 

residential risk-based RGOs in five of the nine samples. 'The calculated mean risk estimate was 

2E-06 which exceeds the 1E-06 SCDHEC risk level of concern, but is within USEPA's 1E-06 to 

1 E-04 acceptable risk range. 

Antimony and chromium were detected in AOC 583 surface soil at concentrations that did not 

exceed residential hazard-based RGOs at any sample location. The calculated mean hazard 

estimate was 0.2, which is below USEPA's acceptable limit of unity. 



Dr@ Zone E RCRA Facility Investigahahon Repon 
NA W A S E  Chnriesron 

Section 10: Sire-Specific Evaluuliom 
November 1997 

Soil - Site Worker Scenario 1 

No COPCs were identified for AOC 583 surface soil, based on industrial RBCs. 2 

Groundwater - Residential Scenario 

No COPCs were identified for AOC 583 groundwater, based on tap water RBCs. 
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Table 10.41.6.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
AOC 583 

NAVBASE-Charleston 
Charleston, South Carolina 

583 BOO1 Antimony (Sb) ND MGIKG NA NA 
583 BOO1 B(a)P Equiv. ND UG/KG NA NA 
583 BOO1 Chromium (Cr) 39.80 MGIKG - 0.1092 100.00 NA 

Total 0.1 092 NA 

583 8002 Antimony (Sb) ND MGIKG NA NA 
583 BOO2 B(a)P Equiv. ND UG/KG NA NA 
583 BOO2 Chromium (Cr) 

Total 
16.90 MGlKG - 0.0463 100.00 NA 

0.0463 NA 

583 BOO3 Antimony (Sb) 1 .OO MGIKG 0.0343 6.53 NA 
583 BOO3 B(a)P Equiv. 238.1 0 UGlKG NA 3.9430 100.00 
583 BOO3 Chromium (Cr) 179.00 MGIKG - 0.4909 93.47 NA 

Total 0.5252 3.9430 

8004 Antimony (Sb) 
BOO4 B(a)P Equiv. 
BOO4 Chromium (Cr) 

Total 

BOO5 Antimony (Sb) 
BOO5 B(a)P Equiv. 

Total 

8006 Antimony (Sb) 
BOO6 B(a)P Equiv. 
6006 Chromium (Cr) 

Total 

ND MGIKG N A NA 
ND UGIKG NA NA 

22.50 MGIKG - 0.061 7 100.00 NA 
0.0617 NA 

ND MGIKG NA NA 
ND UGIKG NA NA 

9.80 MGlKG - 0.0269 100.00 NA 
0.0269 NA 

0.46 MGIKG 0.0158 18.88 NA 
468.94 UGIKG NA 7.7658 100.00 
24.70 MGtKG - 0.0677 81.12 NA 

0.0835 7.7658 

583 8007 Antimony (Sb) ND MGIKG NA NA 
583 8007 B(a)PEquiv. 156.16 UGIKG NA 2.5861 100.00 
583 8007 Chromium (Cr) 35.70 MGlKG 0.0979 100.00 NA - 

Total 0.0979 2.5861 

583 BOO8 Antimony (Sb) 3.50 MGIKG 0.1200 31.78 N A 
583 8008 B(a)P Equiv. 101.30 UGIKG NA 1.6775 100.00 
583 8008 Chromium (Cr) 93.90 MGIKG - 0.2575 68.22 NA 

Total 0.3775 1.6775 

583 BOlO Antimony (Sb) 0.44 MGIKG 0.0151 6.16 NA 
583 BOtO B(a)P Equiv. 287.42 UGIKG NA 4.7598 100.00 
583 BOl0 Chromium (Cr) 83.80 MGIKG - 0.2298 93.84 NA 

Total 0.2449 4.7598 



Table 10.41.6.3 
Chemical Present in Site Samples 

AOC 183 - Groundwater 
NAVBASE - Charleston 

Charleston. South Carolina 

Frequency Range Average Range Screening Concentrations Number 
of of Detected of Residential Exceeding 

Parameter Detection Detection Conc. SQL RBC Reference Units RBC Ref. 

Deep Wells 
Arsenic (As) 
Calcium (Ca) 
Cobalt (Co) 
Magnesium (Mg) 
Manganese (Mn) 
Nickel (Ni) 
Potassium (K) 
Sodium (Na) 
Acetone 

16.4 UGIL 1 
NA UGlL 
12.9 UGIL 
NA UGlL 
869 UGIL 1 
42.2 UGIL 
NA UGIL 
NA UG/L 
NA UGIL 

Shallow Wells 
Calcium (Ca) N 2 3 65600 67700 66650 22300 223CH3 N A NA UGlL 
CobaA (Co) 1 3 3.7 3.7 3.7 2 2 220 2.5 UGlL 
Lead (Pb) 1 3 5.2 5.2 5.2 3 3 15 4.8 UGlL 
Magnesium (Mg) N 3 3 4800 30000 13953 NA NA N A NA UGlL 
Manganese (Mn) 3 3 8.9 49.4 32.17 NA NA 84 2 W  UG/L 
Potassium (K) N 1 3 27400 27400 27400 4810 5110 N A NA UGlL 
Sodium (Na) N 3 3 66Wl 129000 101267 NA NA N A NA UGIL 
Acetone 2 3 7 56 31.5 10 10 370 NA UGIL 

Notes: 
" - Identified as a COPC 
N - Essential Nutrient 
UGIL - Micrograms per liter 
SQL - Sample quantltation limit 
RBC - Risk-based concentration 
NA - Not Applicable 
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10.41.7 Corrective Measures Considerations 

For AOC 583, the upper and lower soil intervals and the shallow and deep groundwater were 

investigated. Based on the analytical results and the FRE, COCs requiring further evaluation 

through the CMS process were identified for upper soil interval. However, residential use of the 

site is not expected, based on current site uses and the nature of surrounding buildings. Current 

reuse plans call for continued commercial/industrial use. 'The site is paved with asphalt. All soil 

samples were collected from beneath the pavement. 

BEQs was identified as a COC in the surface soil at AOC 583. The soil pathway residential 

exposure risk is 2E-06 and is between USEPA'S acceptable ranges of 1E-06 and 1E-04 for risk. 

Four of the nine soil samples collected contained no COPCs. 

Residential risk-based remedial goal for surface soil set for BEQs is 0.06 mglkg based on a target 

risk of 1E-06. Potential corrective measures, in addition to no further action for soil and 

respective COCs, are presented in Table 10.41.7.1. Clorrective measures for AOC 583 are 

detailed in Section 9. 

No COPCs were identified in the shallow or deep groundwater for AOC 583. 

Table 10.41.7.1 
Potential Corrective Measures for AOC 583 

Medium Compounds Potential Corrective Measures 

Soil BEQs a) No Action 
b) Intrinsic Remediation and 

Monitoring 
c) Containment by Capping 
d) Excavation and Landfill, if 

RCRAb- Waste 
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with detected concentrations of Aroclor-1260 and BEQ equivalents, risk estimates range from I 

6E-07 to 1E-05 with an arithmetic mean risk of 6E-06 (assuming a deminimus risk of 1E-07 for 2 

samples with no detectable concentrations of Aroclor-1260 or BEQ equivalent compounds). 3 

Manganese is the sole contributor to hazard estimates for AOC 586 surface soil, but it does not 4 

exceed unity at any of the four sample locations. Hazard estimates range from 0.04 to 0.1 with 5 

an arithmetic mean hazard of 0.07. 6 

Industrial Scenario 

Table 10.42.6.3 summarizes the industrial COPCs detected at each AOC 586 sample location with 

contribution to risk. Based on industrial RBCs, Aroclor-1260 was identified as a COPC for 

AOC 586 surface soil, but it did not exceed 1E-06 at any of the four sample locations. Risk 

estimates in samples that contained detectable concentrations of Aroclor-1260 range from 1E-07 

to 8E-07, with an arithmetic mean risk of 3E-07 (assuming a deminimus risk of 1E-07 for samples 

with no detectable concentrations of Aroclor-1260). Arsenic was detected in AOC 586 soil at 

concentrations above its industrial RBC, but was eliminated from consideration in the residential 

FRE based on comparison to its background concentration Wilcoxon rank sum test analyses did 

not result in the inclusion of any parameter that had been screened out based on background 

concentration. 

No COPCs were identified for surface soil based on industrial RBCs that would have contributed 18 

to hazard estimates. 19 

10.42.6.3 Fixed-Point Risk Evaluation for Groundwater 20 

Table 10.42.6.4 provides CPSS summaries for AOC 586 groundwater. No COPCs were 21 

identified in groundwater samples at AOC 586. The maximum concentration of arsenic reported 22 

in the shallow well exceeded its RBC, but was eliminated from consideration in the groundwater 23 
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FRE based on comparison to its background RC. AOC 586 groundwater data were not sufficient 1 

to perform Wilcoxon rank sum test analyses (less than four samples). As a result, arsenic was 2 

eliminated from the shallow groundwater FRE based on direct comparison of its maximum 3 

concentration to its background RC. 4 

10.42.6.4 Uncertainty 5 

AOC 586 uncertainty issues specific to the FRE and essential to the risk management process are 6 

presented in the following paragraphs. 7 

Characterization of Exposure Setting and Identification of Exposure Pathways 8 

The potential for high bias is introduced through the exposure setting and pathway selection due 9 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA lo 

Region IV when assessing potential future and current exposure. The exposure assumptions made I I 

in the site worker scenario are highly protective and would tend to overestimate exposure. 12 

Residential use of the site would not be expected, based on current site uses and the nature of 13 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 14 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 15 

redeveloped, the buildings and other structures would be demolished, and the surface soil 16 

conditions would likely change - the soils could be covered with landscaping soil andlor a house. 17 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 18 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 19 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 20 

to currentlfuture site workers and future site residents. 21  

Groundwater is not currently used as a potable water source at AOC 586, nor is it used at 22 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 23 
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mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 1 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 2 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 3 

preclude this aquifer from being an acceptable potable water source. 4 

Quantification of RisWHazard 

soil 

A conservative screening process was used to identify COPCs for AOC 586. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative RBCs 

in combination with the use of maximum detected concentrations for comparison minimizes the 

likelihood of a significant contribution to risWhazard based on eliminated CPSSs. Of the CPSSs 

screened and eliminated from formal assessment based on c.omparison to RBCs, none was reported 

at a concentration close to its RBCs (e.g., withim 10% of its RBCs). 

Aluminum, arsenic, beryllium, and thallium were reported in AOC 586 soil at concentrations 15 

above their RBC benchmarks, but were eliminated from consideration in the FRE based on 16 

comparison to their corresponding background concentrations. As a result, their contribution to 17 

risWhazard has not been considered in this FRE. 18 

Groundwater 19 

The same conservative screening process used for soil was also applied to groundwater. Use of 20 

conservative RBCs in combination with the use of maximum detected concentrations for 21 

comparison minimizes the likelihood of a significant contribution to risWhazard based on 22 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 23 

reported at concentrations close to its RBCs (e.g., within 10% of its RBCs). 24 
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Arsenic was reported in AOC 586 groundwater at a maximum concentration above its RBC I 

benchmark, and was elimiited from consideration in the FRE based on comparison to its 2 

background concentration. As a result, their contribution lo hazard has not been considered in the 3 

groundwater FRE. 4 

10.42.6.5 FRE Summary 

The risk and hazard posed by contaminants at AOC 586 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. The groundwater FRE was based on first 

quarter data and considers both the ingestion and inhalation pathways. Risk and HI estimates are 

presented on Tables 10.42.6.2 and 10.42.6.3, such that a risk (E-06) or HI that exceeds one for 

any COPC at any given sample location is an indicatior~ that the concentration of that COPC 

exceeds its RGO (calculated at a target risk of 1E-06 and a target hazard quotient of 1). Section 7, 

Tables 7.3.1, 7.3.2, and 7.3.3 provide residential, industrial, and residential groundwater RGOs, 

respectively, for all of the COPCs identified for Zone E. 

Soil - Residential Scenario IS 

Aroclor-1260 and BEQ equivalent compounds were detected in AOC 586 surface soil at 16 

concentrations above their residential risk-based RGOs in two of four samples. The calculated 17 

mean risk estimate was 6E-06 which exceeds the 1E-06 SCDHEC risk level of concern, but is 18 

within USEPA's 1E-06 to 1E-04 acceptable risk range. 19 

Manganese was detected in AOC 586 surface soil at concentrations that did not exceed residential zo 

hazard-based RGOs at any sample location. The calculated mean hazard estimate was 0.07, which 21 

is below USEPA's acceptable limit of unity. 22 



Drqi Zone E RCRA Facility investigation Repon 
NAVBASE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

Soil - Site Worker Scenario 1 

Aroclor-1260 was detected in AOC 586 surface soil at concentrations that did not exceed industrial 2 

risk-based RGOs at any sample location. The calculated mean risk estimate was 3E-07, which is 3 

below the 1E-06 SCDHEC risk level of concern, and USEPA's 1E-06 to 1E-07 acceptable risk 4 

range. 5 

Groundwater - Residential Scenario 

No COPCs were identified for AOC 586 groundwater, based on tap water RBCs. 



Table 10.42.6.1 
Chemicals Present i n  Site Samples 

AOC 586 -Surface Soil 
NAVBASE - Charleston 

Charleston, South Carolina 

Frequency Range Average Range Screening Concentrations Number 
of of Detected of Residential Industrial Exceeding 

Parameter Detection Detection Conc. SQL RBC RBC Reference Units Res. Ind. Ref. 

PCBs 
Aroclor-1260 . 3 4 110 870 373 94 94 83 740 NA UGlKG 3 1 

Carcinogenic PAHs 
B(a)P Equiv. 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 

lnorganics 
Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Calcium (Ca) 
Chromium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Iron (Fe) 
Lead (Pb) 
Magnesium (Mg) 
Manganese (Mn) 

NA UGlKG 2 
NA UGlKG 
NA UGlKG 
NA UGlKG 
NA UGlKG 1 
NA UGlKG 
NA UGlKG 
NA UGlKG 2 

26600 MGlKG 1 
1.77 MGlKG 
23.9 MGlKG 4 4 
130 MGlKG 
1.7 MGlKG 4 
1.5 MGlKG 
NA MGlKG 

94.6 MGlKG 
19 MGIKG 
66 MGlKG 
NA MGlKG 
265 MGlKG 
NA MGlKG 
302 MGlKG 3 



Table 10.42.6.1 
Chemicals Present in  Site Samples 

AOC 586 - Surface Soil 
NAVBASE - Charleston 

Charleston, South Carolina 

Frequency Range Average Range Screening Concentrations Number 
of of Detected of Residential Industrial Exceedina - 

Parameter Detection Detection Conc. SQL RBC RBC Reference Units Res. Ind. Ref. 
Mercury (Hg) 4 4 0.06 0.3 0.17 N A N A 2.3 61 2.6 MGlKG 
Nickel (Ni) 
Potassium (K) 
Selenium (Se) 
Sodium (Na) 
Thallium (TI) 
Tin (Sn) 
Vanadium (V) 
Zinc (Zn) 

- - - 

77.1 MGlKG 
NA MGIKG 
1.7 MGlKG 
NA MGlKG 
2.8 MGlKG 4 

59.4 MGlKG 
94.3 MGlKG 
827 MGlKG 

Semivolatile Organics 
Benzo(g,h.i)perylene 2 4 280 310 295 930 940 310000 8200000 NA UGlKG 
Fluoranthene 2 4 170 600 385 930 940 310000 8200000 NA UGlKG 
Phenanthrene 1 4 210 210 21 0 820 940 310000 8200000 NA UGlKG 
Pyrene 3 4 i7O 660 360 930 930 230000 6100000 NA iiG,KG 

Volatile Organics 
2-Butanone (MEK) 1 4 4 4 4 12 35 4700000 100000000 NA UGlKG 

Notes: 
- ldentified as a residential COPC 
" - ldentified as an industrial COPC 
N - Essential nutrient 
MGIKG - milligram per kilogram 
UGIKG : microgram par kilogram 
SQL - Sample quantitation limit 
RBC - Risk-based concentration 
NA - Not Applicable 



Table 10.42.6.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
AOC 586 

NAVBASECharleston 
Charleston. South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 
586 001 Aroclor-1260 870.00 UGlKG N A 3.9473 37.30 
586 001 B(a)P Equ~v. 400.61 UGlKG N A 6.6342 62.70 
586 001 Manganese (Mn) 202.00 MGlKG - 0.0589 100.00 N A 

Total 0.0589 10.581 5 

586 002 Aroclor-1260 110.00 UGlKG N A 0.4991 4.49 
586 002 B(a)P Equiv. 641.36 UGlKG N A 10.621 1 95.51 
586 002 Manganese (Mn) 431.00 MGlKG - 0.1257 100.00 N A 

Total 0.1257 11.1202 

586 003 Aroclor-1260 140.00 UGIKG N A 0.6352 99.64 
586 003 B(a)P Equiv. 0.14 UGlKG N A 0.0023 0.36 
586 003 Manganese (Mn) 140.00 MGIKG - 0.0408 100.00 N A 

Total 0.0408 0.6375 

586 004 Aroclor-1260 ND UGlKG N A N A 
586 004 B(a)P Equiv. ND UGlKG N A N A 
586 004 Manganese (Mn) 189.00 MGlKG - 0.0551 100.00 N A 

Total 0.0551 N A 



Table 10.42.6.3 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Industrial Scenario 
AOC 586 

NAVBASECharleston 
Charleston. South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 
586 BOO1 Aroclor-1260 870.00 UGlKG N A 0.8026 100.00 - 

Total N A 0.8026 

586 8002 Aroclor-1260 110.00 UGlKG N A 0.1015 100.00 - 
Total N A 0.1015 

586 8003 Aroclor-1260 140.00 UGIKG N A 0.1292 100.00 - 
Total N A 0.1292 

586 8004 Aroclor-1260 ND UGlKG N A N A - 
Total N A N A 



Table 10.42.6.4 
Chemicals Present in Site Samples 

AOC 586 -Shallow Groundwater 
NAVBASE - Charleston 

Charleston, South Carolina 

Frequency Range Average Range creening Concentratio Number 
of of Detected of Residential Exceeding 

Parameter Detection Detection Concentratio SQL RBC Reference Units RBC Ref. 

Inorganics 
Aluminum (Al) 
Arsenic (As) 

1 1 157 157 157 NA NA 3700 2810 UGIL 
1 1 11.4 11.4 11.4 NA NA 0.045 18.7 UGlL 1 

Semivolatile Organics 
Naphthalene 1 1 5 5  5 NA NA 150 NA UGIL 

Notes: 
- Identified as a COPC 

UGIL - micrograms per kilogram 
SQL - Sample quantitation limit 
RBC - Risk-based concentration 
NA - Not applicable 
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10.42.7 Corrective Measures Considerations I 

For AOC 586, the upper and lower soil intervals and the shallow groundwater were investigated. 2 

Based on the analytical results and the FRE, COCs requiring further evaluation through the CMS 3 

process were identified for upper soil interval. However, residential use of the site is not 4 

expected, based on current site uses and the nature of surrc~unding buildings. Current reuse plans s 

call for continued commercial/industrial use. The site is covered with gravel. One of four soil 6 

samples were collected from beneath the concrete. 7 

Aroclor-1260, BEQs, and manganese were identified as CCKs in the upper soil internal. The soil s 

pathway residential arithmetic mean exposure risk is 6E-Cl6 and the arithmetic mean HI is 0.07. 9 

Both are between USEPA's acceptable ranges of 1E-06 arid 1E-04 for risk and below USEPA's lo 

lower acceptable HI range of 0.1. One sample had no COPCs. 11 

Residential risk-based remedial goals for surface soil set for Aroclor-1260 and BEQs are 0.22 and 12 

0.06 mglkg, respectively, based on a target risk of 1E-06. The hazard-based remedial goal for 13 

surface soil set for manganese is 10,210 mglkg based on a target HI of 1. Potential corrective 14 

measures, in addition to no further action for soil and respective COCs, are presented in 1s 

Table 10.42.7.1. Corrective measures for AOC 586 are detailed in Section 9. 16 

No COPCs were identified in the shallow groundwater for AOC 586. 17 

Table 10.42.7.1 
Potential Corrective Measures for AOC 586 

Medium Potential Corrective Measures 

Soil Aroclor-1260, BEQs, and a) No Anion 
manganese b) Intrinsic Remediation and 

Monitoring 
c) Containment by Capping 
d) Excavation and Landfill, if 

R C R A - L K J ~ & U S  Waste 
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10.43 AOC 590, Alley, Buildings 79 and 1760 

AOC 590 is the alley between Buildings 1760 and 79. Reportedly, this alley is the site of past 

releases of acetone and cutting oil. No information was found regarding the exact locations, 

volumes, or duration of the discharged wastes. Currently, the alley is paved with asphalt. 

Materials of concern identified in the Final Zone E RFI Work Plan include acetone and petroleum 

hydrocarbons. Potential receptors that may be exposed to1 site contaminants include current and 

future building users and any site workers this area may support following base closure. 

To fulfill the CSI objectives for AOC 590, soil, sediment, and groundwater were sampled in 

accordance with the Final Zone E RFI Work Plan and Section 3 of this report to determine whether 

any contamination resulted from onsite activities. 

10.43.1 Soil Sampling and Analysis 

Soif was sampled in two rounds at AOC 590 from the locations shown in Figure 10.43.1. The 

Final Zone E RFI Work Plan, proposed collecting four soil samples from the upper interval and 

four samples from the lower interval. Soil samples were also collected at both intervals from the 

shallow monitoring well location proposed at this site. 

First-round SampEing - During the first round of sampling, all five proposed upper- and 

lower-interval samples were collected. 

First-round samples were submitted for analysis at DQO k v e l  III for VOCs, SVOCs, and metals. 

In addition, five samples (1 upper-interval, 4 lower-interval) were submitted to be analyzed fox 

TPH due to elevated OVA readings and petroleum odor in the sample. No duplicate samples were 

collected at AOC 590. Table 10.43.1.1 summarizes the first round of soil sampling at AOC 590. 



- SOIL BORINGS 
0 - CORE SAMPLES 

0 - DEEP MONITORING WELLS 
@ - SHALLOW MONITORING WELLS 

- SEDIMENT SAMPLES a - THICKNESS SAMPLES 

@ - WIPE SAMPLES 
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Table 10.43.1.1 
AOC 590 

First Round Soil Sampling Summary 

CoUected Analyses Proposed Analyses Collected Deviations 

UPPr 5 5 vws* svocs, YOCs, SVIDCs, One sample was 
and metals and metala aubmitttd for TPH 

anatysis 

Lower 5 5 VOCs, SVOCs, VOICs, SVOCs, Four samples were 
and metals and metals submitted for TPH 

Second-round Sampling - Second-round sampling was performed at AOC 590 after first-round 1 

analytical results were compared to the USEPA Region ZII RBCs (April 1996). Parameters 2 

exceeding RBCs included SVOCs and metals. Section 10.43.2 details specific parameters and 3 

locations which exceeded RBCs. 4 

Proposed second-round samples included one upper- and one lower-interval sample to determine 5 

the extent of constituents detected during frrst-round sampling. The lower-interval sample could 6 

not be collected due to subsurface obstructions such as wood or rocks. 7 

The second-round sample was submitted for analysis of SVOCs and metals. No duplicate samples 8 

were collected during second-round sampling. Table 10.43.1 .2 summarizes the second round of 9 

sampling at AOC 590. 10 
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Table 10.43.1.2 
AOC 590 

Second Round Soil Sampling Summary 

Samples Samples 
Interval Proposed Collected Analyses Proposed Analyses Collected Deviations 

Upper 1 1 SVOCs and metals SVOCs and metals None 

Lower 1 0 SVOCs and metals None Sample could not be 
collected due to 
subsurface 
obstructions 

10.43.2 Nature of Contamination in Soil I 

Organic compound analytical results for soil are summarized in Table 10.43.2.1. Inorganic 2 

analytical results for soil are summarized in Table 10.43.2.2. Appendix H contains the complete 3 

data report for all samples collected in Zone E. 4 

Table 10.43.2.1 
AOC 590 

Organic Compounds Detected in Sail 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
RBC RBC 

vocs &yl@ - - 

Acetone Upper 5/5 57.0 - 200 113 ~ , ~ , ~  0 

Lower 515 27.0 - 440 152 NA NA 

2-Butanone (MEK) Upper 415 8.00 - 15.0 11.3 I00,000,000 0 

Lower 3 /5 20.0 - 40.0 30.7 N A NA 

Catbon disulfide UFWr 2/5 1.000 -2.00 1 .M ~ , o o O , ~  0 

Toluene Upper 115 1 .000  1 .OOO 41,000,000 0 

Xylene (Total) Upper 2 6  2.00 2.00 100,000,~ 0 
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Table 10.43.2.1 
AOC 590 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

BenzoCg,h,i)perylene UP* 5/6 180 - 1. I 0 0  534 8,200,000 0 

Lower 215 380- 1,200 790 NA N A 

Benzoic acid Lower 2/5 150 - I70 160 N A N A 

bis(2-EthjrIhexyl)phthalate Upper 1 /6 180 180 4 10,000 0 

Lower 215 170 - 350 260 N A 

Fluoranthene Upper 6/6 I30 - 3,800 1,510 8,200,000 0 

Lower 215 220 - 620 420 NA N A 

2-Methy lnaphthalene Upper 116 120 120 8,200,000 0 

Naphthalene Upper 1 16 660 660 8,200,000 0 

Phenanthrene Upper 5/6 280 - 3.500 1,320 8.200,OOO 0 

Lower 115 1 80 180 N A N A 

vrene UPPer 6/6 130 - 2,600 1,280 6,100,000 0 

Lower 2R 220 - 650 435 NA NA 
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Table 10.43.2.1 
AOC 590 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

Lower 1 I5 180 180 N A N A 

Lower 215 190 - 460 325 N A NA 

Lower 215 350 - 530 440 NA N A 

TpH (mgflrg) 

Gssoline Upper l/l  6.30 6.30 NA NA 

Notes: 
pglkg = Micrograms per kilogram 
mglkg = Milligrams per kilogram 
Gc- = Risk-based kncentration 
NA = No industrial RBC established 

Table 10.43.2.2 
AOC 590 

Inorganic Detections for Soil (mglkg) 

Number of 
Range of Mean of Samples 

Sample Freq.of Detected Detected Industrial ~~f~~~ 
Element Interval Detection Conc. cone. RBC Cone. RBC andIk 

AlurnimuIl (Al) Upper 616 4.490 - 15,500 9,630 100,000 x,W 0 

Lowtr 515 11,100 - 28,IOO 20300 NA 41.100 NA 



Draft Zone E RCRA Facility Investigation RepoH 
NA VBASE Charleston 

Section 10: Site-Specific Evaluationr 
November 1997 

Table 10.43.2.2 
AOC 590 

Inorganic Detections for Soil (rnglkg) 

Number of 
Range of Mean of 

Sample Freq. of Detected 
W P ~  

Detected Industrial Reference EX- 
Element Interval Detection Conc. Conc. RBC Conc. RBCandRC 

AluINnUm (All Upper 616 4,490 - 15.500 9.630 lM),WO 26,600 0 

Lower 9 5  11,100 - 28,100 20,m NA 41.100 NA 

Antimony (Sb) Upper 616 0.540 - 11.6 2.74 82.0 1.77 6 

Lower 415 1.20 - 1.40 1 -30 N A 1.60 N A 

Am& (AS) U W ~  616 4.00 - 21.5 9.:38 3.80 23.9 6 

Lawcr 515 13.2 - 22.0 17.0 NA 19.9 N A  

Barium (Ba) Upper 616 15.7 - 133 47.4 14.000 130 0 

Lower 515 21.7 - 53.7 39.2 N A 94.1 N A 

Beryllium me) Upper 616 0.220 - 0.830 0.462 1.30 1.70 0 

Lower 5/5 0.810 - 1.40 L.12 NA 2.71 NA 

Cadmium (Cd) Upper 616 0.150 - 0.900 0.483 100 1.50 0 

Lower 515 0.300 - 0.980 0.530 N A 0 . m  N A 

Calcium (Ca) Upper W6 6.730 - 61,100 24.̂ rOO NA N A NA 

Lower 515 40,000 - 146.000 67,tiOo N A N A N A 

Chtom~um (Cr) Upper 616 17 1 91.2 52.2 1.ODfJ 94.6 0 

Lower 515 35 7 -55.4 48.6 N A 75.2 N A 

Lower 515 4.30 - 9.10 7112 NA 14.9 NA 

Copper (Cu) Upper 616 16.8 - 235 89 2 8,200 66.0 0 

Lower 515 29.9 - 52.9 39.2 N A 152 N A 

Iron (Fe) Upper W6 5.070 - 18,800 10,EiOO 61.000 N A 0 

Lower 515 17,700 - 40,500 30,2:00 N A N A N A 

Lead (Pb) Upper 616 26.0 - 871 247 1.300 265 0 

Lower 515 17.2 - 159 74.8 N A 173 NA 

Magnesium (ME) upper 616 909 - 5,220 2,810 N A N A NA 

Lower 5R 5,950 - 6,880 6,3'70 NA NA NA 
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Table 10.43.2.2 
AOC 590 

Inorganic Detections for Soil (m%kg) 

Number of 
Range of Mean of 

Sample Freq. of Detected Deteded Industrial Referenee E x c U  
Element h t e k  ~etect im cone. cwc. RBC Conc. RBC and RC 

Mercury @%!I UWr 6J6 0.278 - 6.90 2.22 61 2.60 0 

Lower 515 O.ibO - 3.20 1 .Oa NA I .S9 NA 

Nickel (Ni) Upper 616 6.50 - 22.8 13.5 4,100 77. 1 0 

Lower 5/5 18.4 - 19.9 19.3 N A 57.0 N A 

Selenium (Se) Upper 3/6 0.550 - 1.60 1.08 1.m 1.70 0 

Lower 515 1.40 - 2.90 2.10 N A 2.40 N A 

S o d h  (NI) U W ~  616 83.9 - 472 21:5 NA N A NA 

Lower 515 455 - 1,630 1,180 NA N A NA 

Tin (Sn) Upper 1/6 6.00 6.00 10o,oOO 59.4 0 

Vanadium (V) upper. #6 9.70 - 39.9 23.7 1.m 94.3 0 

Lower 5/  5 46.2 - 73.3 62.9 N A 155 NA 

Zinc (Zn) Upper 6/6 67.4 - 429 204 61.000 827 0 

Lower 5/5 118 - 179 1611 N A a86 N A 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
RC = Refemnce conccnmtion 
NA = No industrial RBC or RC established 

Volatile Organic Compounds in Sail 1 

Five VOCs were detected in soil samples collected at AOC: 590. Fourteen detections occurred in 2 

the upper interval and eight in the lower interval. No VOCs exceeded their respective industrial 3 

RBC in the upper internal or respective SSL in the lower interval. 4 
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Semivolatile Organic Compounds in Soil 

Twenty SVOCs were detected in soil samples collected at AOC 590. Seventy-four detections 

occurred in the upper interval and 18 in the lower interval. One SVOC - BEQ - exceeded its 

respective industrial FU3C in the upper interval. However, no SVOC exceeded its respective SSL 

in the lower interval. 

Benzo(a)pyrene was detected in five of six upper-interval samples with a range of 300 to 

1,800 pg/kg and a mean of 764 pglkg. Two upper-interval samples (590SB001, 1,800 pglkg; 

590SB002, 930 pglkg) exceeded the Benzo(a)pyrene industrial RBC of 780 pglkg. 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOC 590. The 

upper-interval BEQ was calculated for six samples with a range of 17.8 to 2,870 ,uglkg and a mean 

of 983 pglkg. Two samples (590SB001, 2,870 pglkg; 590SB002, 1,445 pglkg) exceeded the 

BEQ industrial RBC of 780.0 pglkg. 

Other Organic Compounds in Soil 

TPH-gasoline was detected in one upper-interval sample. collected at AOC 590. No industrial 

RBC has been established for TPH-gasoline in soil. 

No TPH diesel-range organics were detected in soil samples collected at AOC 590. 

Inorganic Elements in Soil 

Twenty-two metals were detected in soil samples collected at AOC 590. One hundred and twenty- 

four detections occurred in the upper interval and 104 in the lower interval. No metal exceeded 

both its respective industrial RBC and background RC in the upper interval. One metal - arsenic 

- exceeded both its respective SSL and background RC iin the lower interval. 
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Arsenic was detected in five of five lower-interval samples with a range of 13.2 to 22 mg/kg and 

a mean of 17 mglkg. Two lower-interval samples (590SB003,21.4 mgikg; 590SB005,22 mglkg) 

exceeded both the arsenic SSL of I5 mglkg and the background RC of 19.9 mg/kg. 

10.43.3 Groundwater Sampling and Analysis 

One shallow monitoring well and one deep monitoring we'll were installed and sampled to assess 

groundwater quality at AOC 590 as shown in Figure 10.43.2. The wells were installed as follows: 

Shallow Well - NBCE590001 

Deep Well - NBCES9001D 

Groundwater samples were submitted for analysis at DQO Level 111 for VOCs, SVOCs, metals, 

chlorides, sulfates, and TDS. No duplicate samples were collected at AOC 590. Table 10.43.3.1 

summarizes groundwater sampling and analysis at AOC 590. 

Table 10.43.3.1 
AOC 590 

Groundwater Sampling Summary 

Wells Wells 

Shallow 1 1 VOCs, SVOCs, metals, VOCs, SVOCs, d s ,  None 
chlorides, sulfates, T D S  chlorides, sulfates, TDS 

Deep 1 1 VOCs, SVOCs, metals, 'VOCs, SVOCs, metals, None 
chlorides, sulfates, TDS chlorides, sulfates, TDS 
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The shallow monitoring weU was installed at 12.5 feet 'bgs in the surficial aquifer. The deep 

monitoring well was installed at 30 feet bgs at the base of the surficial aquifer. All wells were 

installed in accordance with Section 3.3 of this report. 

10.43.4 Nature of Contamination in Groundwater 

No organic compounds were detected in shallow groundwater. Organic compound analytical 

results for deep groundwater are summarized in Table 10.43.4.1. Inorganic analytical results for 

shallow and deep groundwater are summarized in Table 10.43.4.2 and 10.43.4.3. Appendix H 

contains the complete data report for all samples collected in Zone E. 

Table 10.43.4.1 
AOC 590 

Organic Compounds Detected in First Quarter Groundwater OlglL) 
Deep Monitoring Wells 

Range of Mean of Number of 
Freq. of Detected Detected Tap-Water Samples 

Compound 

V o c s  

Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concentration 
RC = Reference concentration 
NA = No MCL established 

Table 10.43.4.2 
AOC 590 

Inorgauic Detections for First Quarter Groundwater @g/L) 
Shdlow Monitoring Wells 

Flange of Mean of 
Number of 

Snm~les 
Freq. of Detected Detected TnpWater Reference Exceeding 

Element Detection Conc. Conc. RBC Conc. MCL RBC and RC 

Arsenic (As) '1/1 19.9 19.9 0.045 18.7 50.0 1 

Calcium (Ca) 111 97,300 97.300 N A N A N A N A 
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Table 10.43.4.2 
AOC 590 

Inorganic Detections for First Quarter Groundwater a&) 
Shallow Monitoring Weus 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected TapWater Reference Exceeding 
Element Detection Conc. Conc. RBC Conc. MCL RBC m d R C  

iron (Fe) 111 l ~ , W  I8,8M) 1,100 NA N A 1 

Magnesium (Mg) 111 49,500 49.500 N A N A N A NA 

Potassium (K) 111 41,400 41,400 N A  NA NA NA 

Sodium (Na) lf l  537,000 S37,OOO NA NA MA NA 

Vanadium (V) 111 2.30 2.30 26.0 11.4 N A 0 

Notes: 
pglL = micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC, RC, or MCL established 

Table 10.43.4.3 
AOC 590 

Inorganic Detections for First Quarter Groundwater (pglL) 
Deep Monitoring Web 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tapwater Reference Exceeding 
Element Detection Conc. Conc. RBC Conc. MCL RBCand RC 

Barium (Bp) 111 28 1 28 1 260 21 8 2,000 1 

Beryllium (Be) 111 1.30 1.30 0.0160 1.2 4.00 1 

Calcium (Ca) 111 224,000 224,000 NA NA NA NA 

Magnesium (Mg) 111 730,000 730.000 NA NA NA N A 

Manganese Wd 111 197 1 97 84.0 869 NA 0 

Potassium (K) 111 282,000 282,000 N A NA N A NA 

Sodium {Na) 111 7.260,W 7,250,000 N A NA NA N A 
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Table 10.43.4.3 
AOC 590 

Inorganic Detections for First Quarter Groundwater (Clg/L) 
Deep Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tapwater Reference Exceeding 
Element Detection Conc. Conc. RBC Conc. MCL RBC andRC 

Notes: 
pglL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC 5 Reference concentration 
NA = No RBC, RC, or MCL established 

Volatile Organic Compounds in Groundwater 

Deep Groundwater 

One VOC was detected in the one deep groundwater sample collected at AOC 590. The VOC did 

not exceed its respective tap-water RBC. 

Inorganic Elements in Groundwater 

Shallow Groundwater 

Eight metals were detected in the one shallow groundwater sample collected from AOC 590. Two 

metals - arsenic and iron - exceeded both their respective tap-water RBC and background 

shallow groundwater RC (where available). 

Arsenic was detected in well NBCE590001 (19.9 pg/L), exceeding both its tap-water RBC of 

0.045 pg/L and shallow groundwater RC of 18.7 pg/L. The detection did not exceed the arsenic 

MCL of 50.0 pglL. 
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Iron was detected in well NBCE590001 (18,800 pgl.L), exceeding its tap-water RBC of 

1,100 pg/L; no shallow groundwater RC or MCL has been established for iron. 

Deep Groundwater 

Eight metals were detected in the deep groundwater sample collected from AOC 583. Two metals 

- barium and beryllium - exceeded both their respective tap-water RBC and background deep 

groundwater RC . 

Barium was detected in well NBCE59001D (281 pg/L), exceeding both its tap-water RBC of 

260 pg/L and deep groundwater RC of 218 pgL .  The detection did not exceed the barium MCL 

of 2,000 pg/L. 

Beryllium was detected in well NBCES9001D (1.30 pg/L),, exceeding both its tap-water RBC of 

0.0160 pg/L and deep groundwater RC of 1.2 pg/L. The detection did not exceed the beryllium 

MCL of 4.00 pg/L. 

10.43.5 Sediment Sampling and Analysis 

The Finul Zone E RFI Work Plan proposed collecting two &sediment samples at AOC 590 from the 

locations shown in Figure 10.43.3. One sediment sample was collected and submitted for analysis 

at DQO Level III for VOCs, SVOCs, and metals. One sediment sample was not collected because 

a stoxm drain did not exist at the originally proposed location. No samples were selected as 

duplicates at this site. Table 10.43.5.1 summarizes sediment sampling and analysis at AOC 590. 
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Table 10.43.5.3 
AOC 590 

Sediment Sampling Sumniary 

Sampk Samples 
Analyses Proposed Analyses Collected Deviation 

2 1 VOCs, SVOCs, and metals VOCs, SVWs, and metals One sample was not 
collected 

10.43.6 Nature of Contamination in Sediment I 

Organic compound analytical results for sediment are summarized in Table 10.43.6.1. Inorganic 2 

analytical results for sediment are summarized in Table 10.43.6.2. Appendix H contains the 3 

complete data report for all samples collected in Zone E. 4 

Table 10.43.6.1 
AOC 590 

Organic Compounds Detected in Sediment bglkg)  

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Exceeding 
interval Detection Cone. Conc. Soil RBC RBC 

VOCs 

Acetone U Pper 111 460 460 ~ , ~ , 0 0 0  0 

SVOCs (B(a)P Equivalents) 

Chrysene Upper 111 110,000 110.000 780,000 0 

Dibnz(a,h)anthracew Upper 1/1 23,000 23,000 780 X 
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Table 10.43.6.2 
AOC 590 

Inorganic Detections in Sediment (mglkg) 

Number of 
Range of Memn of Samples 

Sample Freq. of Detected Detected Industrial Exceeding 
Element Interval Detection Conc. Conc. So3 RBC RBC 

Barium (Ba) upper 111 32.2 32.2 14,000 0 

Cadmium (Cd) U P F ~  111 2.20 2.20 100 0 

Calcium (Ca) upper 111 19.700 f 9,700 NA N A 

Chromium (Cr) Upper 111 32.4 32.4 1,oOo 0 

Cobalt (Co) UV III 

Lead (Pb) Upper 111 107 107 1,300 0 

Magnesium (Mg) UP Il l  1,100 1,100 NA NA 

Manganese (Mn) U P P ~ ~  111 126 126 4.700 0 

Nickel (Ni) Upper 111 20.1 20.1 4,100 0 

Pomsium (K) upper U1 64 1 64 1 NA NA 

Sodium (Na) Upper 1/1 81.3 81.3 N A N A 

Vanadium (V) Upper 111 9.30 9.30 1,400 0 

Zinc (Zn U ppe r 111 538 538 61,000 0 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
NA = No industria1 RBC established 
z = For the purposes of this investigation, sediment collected from storm and floor drain catch basins are treated as soil 

and compared to industrial RBCs instead of RAGS sediment screening values. 
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Volatile Organic Compounds in Sediment 

One VOC - acetone - was detected in the sediment samp1.e collected at AOC 590. The detected 

concentration did not exceed the arsenic industrial soil RBC. Acetone is also considered a 

common laboratory artifact or contaminant by the National Functional Guidelines, February 1994. 

Semivolatile Organic Compounds in Sediment 

Eighteen SVOCs were detected in the sediment sample collected at AOC 590. Five SVOCs - 
benzo(a)anthracene, benzo(b)fluoranthene, Benzo(a)p:yrene, dibenz(a, h)anthracene, and 

indeno(f,2,3-cd)pyrene - exceeded their respective industrial soil RBCs. 

Benzo(a)anthracene was detected in sediment sample 590M0001 at 120,000 yglkg, exceeding the 

benzo(a)anthracene industrial soil RBC of 7,800 pglkg. 

Benzo(b)fluoranthene was detected in sediment sample 590M0001 at 110,000 yglkg, exceeding 

the benzo(b)fluoranthene industrial soil RBC of 7,800 pgl'kg. 

Benzo(a)pyrene was detected in sediment sample 590M0001 at 92,000 yglkg, exceeding the 

Benzo(a)pyrene industrial soil RBC of 780 pglkg. 

Dibenz(a,h)anthracene was detected in sediment sample 590M0001 at 23,000 yglkg, exceeding 

the dibenz(a,h)anthracene industrial soil RBC of 780 pglkg . 

Indeno(l,2,3cd)pyrene was detected in sediment sample 590M0001 at 85,000 pglkg, exceeding 

the indeno(l,2,3-cd)pyrene industrial soil RBC of 7,800 p,g/kg. 
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In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOC 590. The 

BEQ was calculated for sediment sample 590M0001 at 147,000 pglkg, exceeding the BEQ 

industrial RBC of 780 pglkg. 

Inorganic Elements in Sediment 

Twenty metals were detected in the sediment sample collected at AOC 590. None of the metals 

exceeded their respective industrial soil RBCs. 

10.43.7 Fate and Transport Assessment for AOC 590 

AOC 590 is the alley behind Building 79, reportedly the site of releases of acetone and cutting oil. 

The alley is paved with asphalt and includes two stor111 sewer inlets. Environmental media 

sampled as part of the AOC 590 RFI include surface soil, subsurface soil, catch-basin sediment, 

and shallow and deep groundwater. Potential constitue~it migration pathways investigated for 

AOC 590 include soil to groundwater, groundwater to surface water, surface soil to sediment, and 

emission of volatiles from surface soil to air. 

10.43.7.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.43.7.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. For inorganics, maximum concentrations in soil are compared to the greater of 

(a) risk-based soil screening levels, or (b) background reference concentrations. To provide a 

conservative screen, generic soil screening levels are used; leachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil @AF= 10). 

Benzo(a)anthracene was the only organic compound detected in AOC 590 soil at a concentration 

exceeding its first-tier groundwater protection SSL. It was detected in two surface soil samples 

(590SB001 and 590SB002) but not in frrst-quarter groundwater samples. 
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Six inorganics - antimony, copper, lead, manganese, mercury, and selenium - were detected in 

AOC 590 soil at concentrations exceeding their generic SSlLs and/or background reference values. 

Antimony and copper were detected at concentrations exceeding their generic SSL and background 

reference value, respectively, in the same surface soil sample (590SB002). Lead was detected at 

a concentration exceeding its de facto SSL in one surface soil sample (590SB006). Manganese, 

mercury, and selenium were detected at concentrations exceding their respective generic SSLs 

and/or background reference values in the same subsurface: soil sample (590SB004); mercury also 

exceeded its background reference value in the surface soil sample from the same soil boring. 

Manganese was the only constituent (organic or inorganic) exceeding fust-tier soil screening 

values that was also detected in firstquarter groundwater samples. Its detected concentrations in 

shallow and deep samples did not exceed first-tier groundwater screening levels, indicating that 

the current soil-groundwater equilibrium is sufficiently protective of the surficial aquifer. 

10.43.7.2 Groundwater-to-Surface Water Cross-Medin Transport: Tier One 

Table 10.43.7.1 also compares maximum detected organic constituent concentrations in shallow 

and deep groundwater samples to risk-based concentrations for drinking water, and to chronic 

ambient saltwater quality criteria values for the protection #of aquatic life (saltwater surface water 

chronic screening values). For inorganics, maximum conu:ntrations in groundwater are compared 

to the greater of (a) risk-based drinking water concentrations, or (b) background reference 

concentrations for groundwater, as well as to the saltwater surface water chronic values. To 

provide a conservative first-tier screen, no attenuation or dilution of constituents in groundwater 

is assumed before comparison to the relevant standards. 

Acetone was the only organic compound detected in fust-quarter groundwater samples at 

AOC 590. Its detected concentration in the sample from deep well NBCE59001D did not exceed 

its tap water RBC or saltwater surface water chronic screening level. Two inorganics - arsenic 

and beryllium - were detected in AOC 590 first-quarter groundwater samples at concentrations 
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marginally exceeding their respective background reference values for groundwater. Arsenic t 

exceeded its background value in the sample from the shallow well and beryllium in the sample 2 

from the deep well. Nevertheless, the maximum detected c:oncentrations of arsenic and beryllium 3 

in first-quarter groundwater samples were still below their respective MCLs. No constituent 4 

(organic or inorganic) exceeded its saltwater surface water chronic screening levels. 5 

10.43.7.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.43.7.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the fwst-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target feachate concentrations. For the second-tier screen, no dilution of 

Ieachate by groundwater or attenuation of constituents in soil is assumed (DAF = 1). The second 

screening tier identifies any constituents in soil or grou~ldwater that pose a potential threat to 

surface water quality, after allowing for dilution of grclundwater by surface water when the 

groundwater discharges into the river. The site-specific surface-water dilution factor calculated 

for AOC 590 is 101,000: 1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River. 

10.43.7.4 Surface Soil-to-Sediment Cross-Media Transport 

One sediment sample was collected from a catch basin at AOC 590. Tables 10.43.6.1 and 

10.43.6.2 summarize the organic and inorganic constituent concentrations detected in sediment 

samples at AOC 590. All of the constituents detected in sediment samples were also detected in 
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surface soil samples at the site, including many PAHs anci inorganics. This relationship implies 

either that surface soil is a potential source of these constituents in sediment, which is unlikely 

since the entire area is paved, or that both surface soil and sediment were contaminated by the 

same site sources. SVOCs were detected in the sediment sample at higher concentrations than in 

soil samples, inorganics at generally lower concentratior~s. Fate and transport for constituents 

detected in catch-basin sediment samples will be discussed in the Zone L RFI report. 

10.43.7.5 Soil-to-Air Cross-Media Transport 

Table 10.43.7.3 lists the VOCs detected in surface soil samples collected at AOC 590 along with 

corresponding soil-to-air volatilization screening levels. Minimal surface soil is exposed at 

AOC 590. In addition, no VOCs maximum concentration exceeded its respective soil-to-air 

volatilization screening level. As a result, the soil-to-air migration pathway is not expected to be 

a viable pathway at AOC 590. 

10.43.7.6 Fate and Transport Summary 

In the first-tier screen, benzo(a)anthracene was detected at concentrations exceeding its generic 

groundwater protection SSL in two surface soil samples. Antimony, copper, lead, and mercury 

were detected at concentrations exceeding their respective generic groundwater SSLs and/or 

background reference values in one surface soil sample each. Manganese, mercury, and selenium 

were detected at concentrations exceeding their generic groundwater SSLs and/or background 

reference values in the same subsurface soil sample. No constituent (organic or inorganic) that 

exceeded its generic groundwater protection SSLs andlor background reference values for soil 

were detected in frrst-quarter groundwater samples at conc:entrations exceeding tap water RIBCs, 

background reference values, or saftwater surface water chronic screening levels. 

Arsenic was detected at a concentration exceeding its background reference value in one first- 

quarter shallow groundwater sample and beryllium in ont: deep groundwater sample; however, 
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maximum concentrations of both arsenic and beryliium in groundwater were below their respective I 

MCLs . 

No constituent exceeding first-tier screening values also exceeded the adjusted screening values 3 

of the second-tier comparisons, indicating no threat to surface water in the Cooper River via the 4 

evaluated migration pathways. 5 



* Screening Concentrations: 
Soil to GW - Generic SSLs basal on DM = 10, adapted from 1996 EPA Soil Screening Guidance or calculated using valucs from Table 6.2 
Tap Water RBC - From EPA Region I11 Risk-Based Conccnhtion Table, June 3,1996 
Salt Watcr Surf11cc Watcr Chronic - From EPA Supplemental Guidancc to RAGS: Region 4 Bulletins, Ecological Risk Assessment. November, 1995; Table 2 

Ln each case, the value shown ia the grentcr of the relevant scr~ming value or thc corresponding background rdcrcnce value 

Table 10.43.7.1 
Chcmid I)eteoted in S u f . 0 ~  Soil, Subsurface Soil, Shallow G r o u n m ,  and Dccp Gmu~dwatcr 
C o q m k m  to SSLa, Tap Water RE&, Salt Watcr Surfffie Water Chronic Screening Levels, and Background Concentrations: Tier One 

Unils: See. notes for Tabte 10.1.5.1 

NAVBASE-Charleaton, Zone E: AOC 
Charlearn South Cboliru 

Parameter 

Volatile Olymic Compounds 
Aoetonc 
2-Butanmc (MEK) 
Carbon &ulfide 
Toluene 
Xylene (lotal) 

h i v o l a t i l e  Organic Compounds 
Acmaphthcne 
Anthracme 
Benzoic acid 
Benzo(&ki)p~ylme 
Benzo(a)pyrcne equivalents 

Bcnzo(a)imthraccne 
B e n ~ m f W e n e  
B w ) f l u o m n t h c n e  
Bento(k)n~antbcne 

C w e  
Dibnuo(a,h)anthracmc 
Indcno(l,2,3-cd)pyrene 

D i b e n z o h  
Di-n-butylphthalatc 
bis(2-E(hylhexy1)phLalate (BEHF') 
Fluoranthene 
Fluorcnc 
2-Methylnaphthalene 
Naphthalene 
Phenanthtcnc 
P ~ r m e  

TPB - Geroline Range Organle 
Gluolinc 

Lnorganlc Compounds 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 
Copper 
h d  
Manganese 
Mcmur~ 
Nickel 
Sclcnium 
Tin 
Vanadium 
Zinc 

Soil Water 

Units Unib 

UM:G u a n  
uw UWL 

WG UWL 

UGKG van 
UCXG UWL 

UCYKG UGR 

U ~ G  u G n  

U ~ G  u a  
U ~ G  u rn  

UGKG uon 
w y ~ a  UGA 

u m G  UWL 

UWG UWL 

U ~ G  UWL 

um~ UWL 

umc 
u m o  uon. 
UGKG UOL 

UMG u a  
u m o  u r n  
UWG u r n  
UWG u r n  
UGMG u c n  

uoz 
umo uaz. 

umc UWL 

~ m o  u r n  
u m o  UOL 

MO/KO UOL 

~ m c  UGR 

MGMG u r n  
M G K C  UGA. 

MGKG UGR 

MGKG UOR 

WG u r n  
MUXG UWZ. 

MMG u r n  
M ~ K G  UWL 

M ~ G  u r n  
 ma uon 
M ~ G  uon 
M ~ G  u r n  
M ~ G  vcn 

G m d -  Surface 
W& Waler 

Leaching M i g d o n  Mgrakioc 
Potential C m c m  Con- 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
YES NO NO 
NO YES NO 
NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
YES NO NO 
YES NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

590 

Max. Concentration 

Surface Subsurface 
Soil Soil 

200 440 
15 40 
2 ND 
1 ND 
2 ND 

950 1400 
870 NI, 
N n  170 

1100 1200 

1800 180 
1800 ND 
1700 I50 
1400 ND 
1700 460 
600 ND 

1000 530 
260 ND 
100 ND 
180 350 

3 800 620 
490 ND 
120 ND 
660 ND 

3500 180 
2600 650 

6.3 ND 

15500 28100 
11.6 1.4 
21.5 22 
133 53.7 

0.83 1.4 
0.9 0.98 

91.2 55.4 

9.9 9.1 
23 5 52.9 
871 159 
239 2160 
9.9 3.2 

22.8 19.9 
1.6 2.9 

6 ND 
39.9 73.3 
429 179 

Mau. Concentration 

Shallow Deep 
OW GW 

ND 16 
ND ND 
ND ND 
ND ND 
ND ND 

ND ND 
ND ND 
ND ND 
m ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

NA NA 

ND ND 
ND ND 

19.9 ND 
ND 281 
ND 1.3 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
730 197 
ND ND 
ND ND 
ND ND 
ND ND 
2.3 3.3 
ND ND 

Scrc~mhg Concentration * 
Soil to Salt Wtr. 

GW Tap Water Surf. Wtr. 
SSL R8C Chmnic 

8000 3700 NA 
4000 1900 NA 

160C10 1000 NA 
6000 750 37 

71000 12000 NA 

285000 2200 9.7 
5900000 11000 NA 
200000 150000 NA 

2.33EH18 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

245ClO 0.92 NA 
800C10 9.2 NA 

800 0.0092 NA 
7000 0.092 NA 

MA 150 NA 
2300000 3700 3.4 
1800000 4.8 NA 
2150000 1500 1.6 

2800010 1500 NA 
630C10 1500 NA 
420CIO 1500 23.5 

690000 1500 NA 
2100000 1100 NA 

h A N A NA 

411CIO 37000 NA 
2.5 15 NA 

23.9 18.7 36 
8:!0 2600 NA 

:I 2 1.2 NA 
4 18 9.3 

94.6 37000 103 
1.9 2200 NA 

lfi2 1500 2.9 
400 15 8.5 
881 2560 NA 
2.6 11 0.2 

n.1 730 42.2 
2.5 180 71 

594 22000 NA 
3000 260 NA 
6000 11000 86 
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Table 10.43.7.3 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: AOC 590 
Charleston, South Carolina 

Exceeds 

200 62000000 UGIKG N o  
NO 
NO 

1 520000 UGKG NO 
2 320000 UGKG N o  

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region I11 Risk-Based Concentration Table, June 1996. 
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10.43.8 Fixed-Point Risk Evaluation for AOC 590 

10.43.8.1 Site Background and Investigative Approach 

AOC 590, located in the alley between Buildings 79 and 1760, is the site of a reported spill of 

acetone and cutting oil. This site is located in a highly irldustrialized portion of Zone E, and as 

a result, the risk assessment for this site is presented as a EXE following the framework presented 

in Section 7.3. 

A total of six surface soil samples were considered in the AOC 590 FRE. Two monitoring wells 

were installed as part of the 1995 CSI. One of these monitoring wells was installed into the 

shallow aquifer and one was installed into the deep aquifer. Groundwater data generated from the 

first quarter CSI sampling event are used to represent point risWhazard for the AOC 590 FRE. 

Sections 10.43.1 and 10.43.3 contain summaries of the ;sampling effort for AOC 590 soil and 

groundwater . 

10.43.8.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.43.8.1 provides CPSS summaries for AOC 590 soil and identifies COPCs based on 

comparison to residential and industrial RBCs and background RCs. Based on residential RBCs, 

BEQ equivalents, antimony, chromium, lead, and mercury are identified as COPCs for AOC 590. 

Aluminum, arsenic, beryllium, and manganese were detected in AOC 590 soil at concentrations 

above their RBCs but were eliminated from considerat;ion in the residential FRE based on 

comparison to their background concentrations. Chromium was also detected in AOC 590 surface 

soil at a concentration above its RBC but below its background concentration; however, Wilcoxon 

rank sum test analyses indicated that chromium should be included. 

Chromium, which predominantly exists in either the trivalent or hexavalent state, was identified 

as a C O X  based on a conservative comparison of the maximum concentration (regardless of 
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valence state) to the RBC for its hexavalent species (39 mglkg). The RBC for trivalent chromium I 

is 7,800 mg/kg and was not exceeded by reported surface soil concentrations. Since hexavalent 2 

chromium was not analyzed for at AOC 590, there i s  no basis for characterization of chromium 3 

valance state distribution. As a conservative measure, chromium was retained as a COPC, and 4 

all surface soil chromium was assumed to exist in the hexavalent state. 5 

Table 10.43.8.2 summarizes the residential COPCs detected at each AOC 590 sample location 

with contribution to risk and hazard. As shown, BEQ equivalent compounds contribute to risk 

for AOC 590 surface soil, exceeding IE-06 at five of six locations. Figure 10.43.4 is a spatial 

presentation of residential risk estimates for AOC 590 surface soil. Risk estimates range from 

3E-07 to 5E-05 with an arithmetic mean risk of 2E-05. 

Antimony, chromium, and mercury contributed to hazard for AOC 590 surface soil, but did not 

exceed unity at any of the six sample locations. Hazard estimates range from 0.08 to 0.6, with 

an arithmetic mean hazard of 0.3. 

Industrial Scenario 

Based on industrial RBCs, BEQ equivalent compounds were identified as COPCs for AOC 590 

surface soil. Arsenic was detected in AOC 590 soil at concentrations above its RBC, but was 

eliminated from consideration in the industrial FRE based on comparison to its background 

concentration. TaMe 10.43.8.3 summarizes the industrial COPCs detected at each AOC 590 

location with contribution to risk. As shown, BEQ equivalent compounds contribute to risk for 

AOC 590 surface soil, exceeding 1E-06 at five of six Ilxations. Figure 10.43.5 is a spatial 

presentation of industrial risk estimates for AOC 590 surface soil. Risk estimates range from 

6E-08 to 1E-05, with an arithmetic mean risk of 3E-06. 

No COPCs were identified for the industrial scenario that would have contributed to HI. 



AOC 590 



AOC 590 

NAVAL BASE, CHARLESTON 
1E-8 to 5E-6 

1E-5 to 1E-4 
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. . 

Lead 

Lead was detected in all six surface soil samples collected at AOC 590. Soil concentrations ranged 

from 26 to 871 mg/kg and exceeded the residential clean up level of 400 mglkg in only one of 

six samples. The mean detected lead concentration for AOC 590 is 247 rnglkg, representing an 

area of less than one-tenth of an acre. The mean concentration does not exceed the action level 

of 400 mglkg, considered protective of children under a residential scenario, nor the industrial 

cleanup level of 1,300 mg/kg, considered protective of adults under an industrial scenario. 

Figure 10.43.6 is a spatial presentation of lead soil c:oncentrations, using the surface soil 

background concentration of 265 mglkg, the residential sod lead cleanup level of 400 mg/kg, and 

the industrial soil lead cleanup concentration of 1,300 mgkg as benchmark levels to illustrate the 

lead soil concentrations for AOC 590. 

10.43.8.3 Fixed-Point Risk Evaluation for Groundwater 

Table 10.43.8.4 provides CPSS summaries for AOC 590 groundwater and identifies COPCs. 

Barium and beryllium were identified as groundwater COPCs in the deep aquifer. Arsenic was 

identified as a groundwater COPC in the shallow aquifer. COPC identification was based on 

comparison of frrst quarter groundwater concentrations to tap water RBCs, as well as 

corresponding background concentrations for inorganics. The maximum concentrations of 

manganese reported in both the deep and shallow well samples exceeded their RBCs, but were 

eliminated from consideration in the groundwater FRE based on comparison to their background 

RCs. AOC 590 groundwater data were not sufficient to perform Wilcoxon rank sum test analyses 

(less than four samples each for both shallow and deep). ,4s a result, manganese was eliminated 

from the groundwater FRE based on direct comparison of its maximum concentration to its 

background RC . 

Table 10.43.8.5 summarizes the COPCs identified in AOC: 590 monitoring wells sampled during 

the first quarter. The risk estimate for the deep aquifer was 8E-05, associated with a beryllium 
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concentration of 1.3 pg/L in the deep aquifer (590GOlD). Barium and beryllium contributed to 

hazard estimates for deep groundwater at AOC 590, but did not exceed unity. The hazard estimate 

for the deep aquifer was 0.3. Arsenic was the sole contributor to both risk and hazard for the 

shallow aquifer at AOC 590. The risk estimate for the shallow aquifer was 4E-04, and the HI 

was 4. Figures 10.43.7 and 10.43.8 illustrate the groundwater data as a function of point specific 

risk and hazard projection, respectively. 

10.43.8.4 Uncertainty 

AOC 590 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil andlor a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally clverestirnate the risk and hazard posed 

to current/future site workers and future site residents. 
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0.1 to 0.6 CHARLESTON, S.C. 
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Groundwater is not currently used as a potable water source at AOC 590, nor is it used at 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissohed solids would 

preclude this aquifer from being an acceptable potable water source. 

Quantification of RWHazard 

Soil 

A conservative screening process was used to identify COPCs for AOC 590. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative RBCs 

in combination with the use of maximum detected concentrations for comparison minimizes the 

likelihood of a si@cant contribution to riskhazard based on eliminated CPSSs. Of the CPSSs 

screened and eliminated from formal assessment based on comparison to RBCs, none was reported 

at a concentration close to its RBCs (e .g . within 10% of its RBCs). 

Aluminum, arsenic, beryllium, and manganese were reported in AOC 590 soil at concentrations 

above their RBC benchmarks and were eliminated from consideration in the FRE based on 

comparison to their corresponding background concentrations. As a result, their contribution to 

riskihazard has not been considered in this FRE. 

Groundwater 

The same conservative screening process used for soil was also applied to groundwater, Use of 

conservative lU3Cs in combination with the use of maximum detected concentrations for 

comparison minimizes the Iikelihood of a significant contribution to risWhazard based on 
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eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at concentrations close to its RBCs (e.g. within 10% of its RBCs). 

Manganese was reported in AOC 590 deep and shallow groundwater at maximum concentrations 

above its RBC benchmark, but was eliminated from consideration in the FRE based on comparison 

to corresponding background RCs for deep and shallow groundwater, respectively. As a result, 

its contribution to hazard has not been considered in the groundwater FRE. 

10.43.8.5 FRlE Summary 

The risk and hazard posed by contaminants at AOC 590 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. The groundwater FRE was based on first 

quarter data and considers the both the ingestion and inhalation pathways. Risk and HI estimates 

are presented on Tables 10.43.8.2, 10.43.8.3, and 10.43.8.5, such that a risk (E-06) or HI that 

exceeds one for any COPC at any given sample location is an indication that the concentration of 

that COPC exceeds its RGO (calculated at a target risk of 1E-06 and a target hazard quotient of 1). 

Section 7, Tables 7.3.1, 7.3.2, and 7.3.3 provide residential, industrial, and residential 

groundwater RGOs, respectively, for all of the COPCs identified for Zone E. 

Soil - Residential Scenario 

BEQ equivalent compound were detected in AOC 590 surface soil at concentrations above their 

residential risk-based RGOs in five of six samples. The calculated mean risk estimate was 2E-05, 

which exceeds the 1E-M SCDHEC risk level of concern, but is within USEPA's IE-06 to 1E-04 

acceptable risk range. 

Antimony, chromium, and mercury were detected in AOC 590 surface soil above their RBC 

benchmarks, but did not exceed their corresponding residential hazard-based RGOs in any of the 
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six surface soil samples. The calculated mean hazard estimate was 0.3, which is below USEPA's 

acceptable limit of unity. 

Soil - Site Worker Scenario 

BEQ equivalent compounds and arsenic were detected in AOC 590 surface soil at concentrations 

above their industrial risk-based RGOs in five of six samptes. The calculated mean risk estimate 

was 3E-06, which exceeds the 1E-06 SCDHEC risk level of concern, but is within USEPA's 1E- 

06 to 1E-04 acceptable risk rmge. 

No COPCs were detected in AOC 590 surface soil that would have contributed to industrial hazard 

estimates. 

Groundwater - Residential Scenario 

Beryllium was the sole contributor to the risk projection for deep groundwater, and was detected 

at a concentration above its RGO in the frst quarter groundwater sample collected from the deep 

aquifer. Arsenic was reported in the shallow aquifer during the first quarter at a concentration 

above its RGO. Subsequent quarterly samples collected from the deep aquifer reported 

concentrations of beryllium below its background RC in the second and third quarters, and 

nondetect in the fourth quarter. Neither arsenic nor beryllium were reported at concentrations 

above their MCLs through four quarters of sampling. 
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Table 10.43.8.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
AOC 590 

NAVBASE-Charleston 
Charleston, South Carolina 

590 6001 Antimony (Sb) 0.63 MGIKG 0.0216 26.75 NA . .  . 

590 BOO1 B(a)P Equiv. 2865.70 UGIKG NA 47.4569 100.00 
590 BOO1 Chromium 17.10 MGIKG 0.0468 57.97 N A 
590 BOO1 Lead (Pb) 70.90 MGlKG NA N A 
590 BOO1 Mercury (Hg) 

Total 
0.27 MGIKG - 0.0123 15.29 N A 

0.0807 47.4569 

590 BOO2 Antimony (Sb) 11.60 MGlKG 0.3977 82.87 NA 
590 BOO2 B(a)P Equiv. 1445.1 0 UGIKG N A 23.931 3 100.00 
590 BOO2 Chromium 21.50 MGlKG 0.0589 12.27 NA 
590 BOO2 Lead (Pb) 133.00 MGIKG NA NA . . 

590 BOO2 Mercury (Hg) 0.51 MGIKG - 0.0233 4.86 NA 
Total 0.4799 23.9313 

590 BOO3 Antimony (Sb) 0.73 MGIKG 0.0250 10.28 NA 
590 8003 B(a)P Equiv. 547.22 UGIKG NA 9.0621 100.00 
590 BOO3 Chromium 73.10 MGIKG 0.2001 82.21 NA 
590 BOO3 Lead (Pb) 30 t .OO MGIKG NA NA 
590 8003 Mercury (Hg) 0.40 MGlKG - 0.0183 7.51 N A 

Total 0.2434 9.0621 

590 6004 Antimony (Sb) 0.65 MGIKG 0.0223 3.98 NA 
590 8004 B(a)P Equiv. 570.69 UGIKG NA 9.4508 100.00 
590 6004 Chromium 31.10 MGIKG 0.0851 15.20 NA 
590 8004 Lead (Pb) 77.10 MGIKG NA NA 
590 BOO4 Mercury (Hg) 

Total 
9.90 MGIKG - 0.4525 80.82 NA 

0.5599 9.4508 

590 8005 Antimony (Sb) 0.54 MGIKG 0.0185 6.88 NA 
590 8005 B(a)P Equiv. 17.80 UGIKG NA 0.2948 100.00 
590 BOO5 Chromium 79.10 MGfKG 0.2166 80.54 NA 
590 8005 Lead (Pb) 26.00 MGIKG N A N A 
590 0005 Mercury (Hg) 0.74 MGIKG - 0.0338 12.58 NA 

Total 0.2689 0.2948 

590 8006 Antimony (Sb) 2.30 MGIKG 0.0788 19.86 NA 
590 8006 B(a)P Equiv. 448.63 UGIKG NA 7.4295 100.00 
590 BOO6 Chromium 91.20 MGIKG 0.2497 62.88 NA 
590 6006 Lead (Pb) 871 .OO MGIKG NA N A 
590 6006 Mercury (Hg) 1.50 MGlKG - 0.0686 17.27 NA 

Total 0.3971 7.4295 



Table 10.43.8.3 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Industrial Scenario 
AOC 590 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 
590 8001 B(a)P Equiv. 2865.70 UGIKG - NA 9.6492 100.00 

Total NA 9.6492 

590 8002 B(a)P Equiv. 1445.1 0 UGIKG - NA 4.8659 100.00 
Total NA 4.8659 

590 6003 B(a)P Equiv. 547.22 UGIKG - NA 1.8426 100.00 
Total NA 1.8426 

590 8004 B(a)P Equiv. 570.69 UGIKG NA 1.9216 100.00 - 
Total N A 1.9216 

590 BOO5 B(a)P Equiv. 17.80 UGIKG N A 0.0599 100.00 - 
Total NA 0.0599 

590 8006 B(a)P Equiv. 448.63 UGlKG NA 1.51 06 100.00 
Total NA 1.51 06 
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Table 10.43.8.5 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
AOC 590 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 
590 GO1D Barium (Ba) 281 UGIL 0.2555 93.89 NA 
590 GO1 D Beryllium (Be) 1.30 UGIL 0.0166 6.11 83.1389 100.00 

Total 0.2721 83.1389 

590 GO01 Arsenic (As) 19.90 UGIL 4.2405 100.00 443.9530 100.00 
Total 4.2405 443.9530 
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10.43.9 Corrective Measures Considerations 

For AOC 590, the upper and lower soil intervals, sediment, and shallow and deep groundwater 

were investigated. Based on the analytical results and the FRE, COCs requiring further evaluation 

though the CMS process were identified for upper soil interval and shallow and deep 

groundwater. However, residential use of the site is not expected, based on current site uses and 

the nature of surrounding buildings. Current reuse plans call for continued commercial/industrial 

use. The site is paved with asphalt. Five of six soil samples were collected from beneath the 

pavement. 

BEQs, antimony, chromium, lead, and mercury were identified as COCs in the upper soil interval. 9 

The soil pathway residential arithmetic mean exposure risk is 2E-05 and the arithmetic mean HI lo 

is 0.3. Both are between USEPA's acceptable ranges of 1 5 0 6  and 1E-04 for risk and 3 and 0.1 1 1  

for HI. Soil sample 590SB005 had no COPCs. 12 

Lead was identified at 590SBOO6 above USEPA's residential acceptable level of 400 mg/kg. The 13 

extent of the lead is not known. 14 

Residential risk-based remedial goal for surface soil set for BEQs is 0.06 based on a target risk 15 

of 1E-06. Hazard-based remedial goals for surface soil set for antimony, chromium, and mercury 16 

are 29, 73, and 22 mglkg, respectively. based on a target HI of 1. Potential corrective measures, 17 

in addition to no further action for soil and respective COCs, are presented in Table 10.43.9.1. is 

Arsenic was identified in the shallow groundwater at concentrations above its 1E-06 risk-based 19 

RGO of 0.000045 rng/L. The equated risk associated with arsenic is 4E-04 and its equated HI 20 

is 4. These are above USEPA's acceptable risk of 1E-04 and HI of 3. Potential corrective 21 

measures, in addition to no further action for shallow groundwater, are presented in 22 

Table 10.43.9.1. Corrective measures for AOC 590 are detailed in Section 9. 23 
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Beryllium was identified in the deep groundwater at concentrations that equal a risk above 1E-06 I 

and/or an HI above 1. The calculated risk estimate associated with beryllium was equated as 2 

8E-05. The associated risk exceeds the 1E-06 SCDHEiC risk level of concern, but is within 3 

USEPA's 1E-06 and 1E-04 acceptable risk range. Potential corrective measures for the deep 4 

groundwater, in addition to no further action, are presented in Table 10.43.9.1. Corrective 5 

measures for AOC 590 are detailed in Section 9. 6 

Table 10.43.9.1 
Potential Corrective Measures for AOC 590 

Medium Compounds Potential Corrective Measures 

Soil 

Shallow Groundwater 

Deep Groundwater 

Antimony, chromium, lead, a) No Action 
mercury, and BEQs b) Intrinsic Remediation and 

Monitorrng 
C) Containment by Capping 
d) Excavation and Landfill, if 

RCXiA-nonhazardous Waste 

Arsenic 

Beryllium 

a) No Action 
b) Intrinsic Remediation and 

Monitoring 
C) Ex-situ, Chemical and Physical 

Treatment 

a) No Action 
b) Intrinsic Remediation and 

Monitoring 
c) Ex-situ, Chemical and Physical 
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10.44 AOC 592, Asbestos-Shredding Shelter, Former Building 1225 

AOC 592 is a former asbestos-shredding shelter which .was located in former Building 1225. 

Built in 1944, the building was used for this purpose until it was removed in 1955. From 1955 

until 1966, the site was a pipe storage area. After 1966, the area was vacated. Currently the site 

is paved and bisected by a railroad spur. 

The material of concern identified in the Final Zone E RFI Work Plan is asbestos. Potential 

receptors that may be exposed to site contaminants include current and future building users and 

any site workers this area may support following base closure. 

To fulfill the CSI objectives for AOC 592, air and soil were sampled in accordance with the 

Final Zone E RI;1 Work Plan and Section 3 of this report tcr determine whether any contamination 

resulted from onsite activities. 

10.44.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at AOC 592 from the locations shown in Figure 10.44.1. The 

Final Zone E RFI Work Plan, proposed collecting four soil samples from the upper interval, and 

four samples from the lower interval. 

First-round Sumpling - During the first round of sampling, all four proposed upper- and lower- 

interval samples were collected. No duplicate soil samples were collected Erom AOC 592. 

First-round samples were submitted to International Asbestos Testing Laboratories (IATL) for 

asbestos analysis. Table 10.44.1.1 summarizes the first round of soil sampling at AOC 592. 
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Table 10.44.1.1 
AOC 592 

First Round Soil Sampling Summary 

Samples Anal~m 
Interval Samples Pro-d Collected Proposed Analyses Collected Deviations 

4 4 Asbestos Asbestos None 

Lower 4 4 Asbestos Asbestos None 

Second-round Sampling - Second-round sampling was performed at AOC 592 after first-round 

analytical results were evaluated. Results from 592SBUO 101 indicated 2.3 % chrysotile asbestos, 

and 0.75 % arnosite asbestos were present. 

Second-round included two upper- and two lower-interval samples to determine the extent of 

asbestos detected during first-round sampling. Both of the proposed upper-interval samples and 

one of the two proposed lower-interval samples were collected. One lower-interval sample was 

not collected due to subsurface obstructions such as wood or rocks. 

Second-round samples were submitted to IATL for asbestos analysis. No duplicate samples were 

collected at AOC 592. Table 10.44.1.2 summarizes the second round of soil sampling at 

AOC 592. 

Table 10.44.1.2 
AOC 592 

Second Round Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval P r o v e d  Collected Pro-d Collected Deviations 

Upper 2 2 Asbestos Asbestos None 

Lower 2 1 Asbestos Asbestos One sample was not collected 
due to subsurface obstructions 
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10.44.2 Nature of Contamination in Soil I 

M y t i c a l  results for asbestos in soil are summarized in Table 10.44.2.1. 2 

Table 10.44.2.1 
AOC 592 

Asbestos Detections for Soil (96) 

Sample Freq. of Range of Mean of 
Element Interval Detection Detected Cone. Detected Conc. 

Chrysotile asbestos Upper 116 2.3 2.3 

Amosite asbestos 0.75 

Asbestos in SoiI 3 

Asbestos was detected in one of six upper-interval samples at AOC 592. Results from sample 4 

592SB00101 indicated 2.3 % chrysotile asbestos and 0.75 % arnosite asbestos. Asbestos was not 5 

detected in any of the lower-interval samples at this site. No RBCs exist for comparison of 6 

asbestos in soil. Appendix B contains the complete data report for all samples collected in 7 

Zone E. 8 

10.44.3 Air Sampling and Analysis 9 

Air was sampled from AOC 592. The Final Zone E RFI Work Plan, proposed collecting five air lo 

samples from areas both up- and downwind, including stations to the north, south, and in the 11  

center of the site. A summary of the air sampling conducted at AOC 592 is presented in 12 

Table 10.44.3.1. 13 
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Table 10.44.3.1 
AOC 592 

Air Sampling Summary 

Samples Proposed Samples Collected Analyses Proposed An Jyses Collected Deviations 

5 5 Asbestos Asbestos None 

5 5 Asbestos Asbestos None 

10.44.4 Nature of Contamination in Air 

Asbestos was not detected in any of the five air samples at AOC 592. Appendix H contains the 

complete data report for all samples collected in Zone E. 

10.44.5 Fate and Transport Assessment for AOC 592 

AOC 592 is a former asbestos-shredding shelter located in former Building 1225. The site is 

currently paved, except for a small grassy area, and is bisected by a railroad spur. Environmental 

media sampled as part of the AOC 592 CSI include asbestos in soil and air samples. Because no 

R3Cs or fate and transport screening criteria exist for asbestos in soil, migration pathways for 

asbestos at AOC 592 were not evaluated. 

10.44.6 Human Health Risk Assessment 

Soil and air were sampled for the presence of asbestos during the investigation of AOC 592. A 

formal risk assessment was not conducted for this site. 

10.44.7 Corrective Measures Considerations 

Asbestos was detected in only one soil sample at AOC 592; therefore, no corrective measures 

were considered for the site. 
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10.45 AOC 596, Former Torpedo Storage, Building 101 

AOC 596 is the site of a former torpedo storage area located in Building 101. Building 101 was 

built in 1919 and was used to store torpedoes until 1943. From 1443 to 1946, the building housed 

a machine shop. In 1946, the building was converted into a storehouse for diesel parts and in 

1947 it was used as a storage house for a galvanizing plant. From 1981 to present, it has been 

used to store radioactivecontaminated material. SWMU 155 addresses mixed-waste storage 

within Building 101. 

Materials of concern identified in the Final Zone E RFI Work Plan include solvents, degreasers, 

explosives, propellants, and petroleum hydrocarbons. Potential receptors that may be exposed to 

site contaminants include current and future building users and any site workers this area may 

support following base closure. 

To fulfill the CSI objectives for AOC 596, soil and groundwater were sampled in accordance with 

the Final Zone E RFI Work Plan and Section 3 of this report to determine whether any 

contamination resulted from onsite activities. 

10.45.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at AOC 596 from the locations shown in Figure 10.45.1. The 

Final Zone E RFI Work Plan, proposed collecting eight soil samples from the upper interval and 

eight samples from the lower interval. Soil samples were also collected at both intervals for the 

four shallow monitoring well locations proposed at this site. 

First-mund Sampling - During the first round of sampling, 11 of the proposed 12 upper-interval 

samples and 11 of the 12 proposed lower-interval samples were collected. One sample location, 

596SB008, was abandoned due to the extreme thickness of the cement (greater than three feet) 

floor in Building 101. 
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All first round samples were submitted for analysis at DQO Level In for VOCs, SVOCs, and 1 

metals. No duplicate samples were collected at AOC 596. Table 10.45.1.1 summarizes the first 2 

round of soil sampling. 3 

Table 10.45.1.1 
AOC 5% 

First Round Soil Sampling Summary 

Samples Samples Analyses Analyses 
Collected Deviations 

upper 12 11 VWs, S V W s ,  VOCs, SVOCs, One sample was abandoned 
and metals iuad m d s  due to thick cement 

Lower 12 11 VOCs, SVOCs, VOCs, SVOCs, One sample was abandoned 
and metals and metals due to thick cement 

Second-round SumpEing - Second-round sampling was performed at AOC 596 after first-round 

analytical results were compared to the USEPA Region III RBCs (April 1996). Parameters 

exceeding RBCs included SVOCs and metals. Section 10.45.2 details specific parameters and 

locations which exceeded RBCs . 

The second round included one upper- and one lower-interval sample to determine the extent of 

constituents detected during first-round sampling. Samples were collected from both intervals 

during second-round sampling. No duplicate soil samples were collected during second-round 

sampling. 

Second-round samples at AOC 596 were submitted for analysis of VOCs, SVOCs, and metals. 

Table 10.45.1.2 summarizes the second round of soil sampling at AOC 596. 
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Table 10.45.1.2 
AOC 5% 

Second Round Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Proposed Cdlected Proposed Collected Deviations 

Upper 1 1 VOCs, SVOCs, VOCs, SVOCs, Pesticide d y s i s  
and metals pesticides, and inadvertently 

metals added 

Lower I 1 VOCs, SVOCs, VOCs, SVOCs, Pesticide analysis 
and metals pesticides, and inadvertently 

metals added 

10.45.2 Nature of Contamination in Soil I 

Organic compound analytical results for soil are summarized in Table 10.45.2.1. Inorganic 2 

analytical results for soil are summarized in Table 10.45.2.2. Appendix H contains the complete 3 

data report for all samples collected in Zone E. 4 

Tabk 10.45.2.1 
AOC 5% 

Organic Compounds Detected in Soil 

Rauge of M m  of Number of 
SPmpling Freq. of Detected Detected Industrial 

Compound Interval Detection Conc. Conc. RBC Exceeding RBC 
Wples 

VOCs 

Acetone Upper 1/12 150 150 20.000,000 0 

Lower 1/12 260 260 N A NA 

2-Butanow (MEK) Upper 3112 6.00 - 12.0 9.33 100,000,000 0 

Lower 3/12 7 .00  - 48.0 24.7 N A N A 

Carbon dtsulfide Upper 3/12 2.00 - 4.00 2.67 ~ , o o O . ~  0 

Ethylbenzene Upper 1112 7.00 7.00 20.000.000 0 

Methylent chloride UPFr 1/12 2.00 2.00 760,aOO 0 

Toluew Upper 2/12 1.000 - 2.00 1.50 41,000,000 0 
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Table 10.45.2.1 
AOC 5% 

Organic Compounds Detected in SbU b%LI1) 

Range of Mean of Number of 
Sampling Freq. of Detected Dctee(ed Industrial Samples 

Compouad Interval De(ection Conc. Conc. RBC E x c a  RBC 

vocs 

Xylem ( T d )  Upper 1/12 150 150 f 00,000.W 0 

svocs 

Acerqhthene  UP^ 2/12 1,100 - 20,000 10,600 12,000,000 0 

Lower 1112 280 280 NA N A 

Anthracene Upper 2/12 210 - 2,500 1,360 61,000,000 0 

Lower 1/12 570 570 N A N A 

Benzo(g,h,i)peryIene Upper 5/12 lro - 36,0011 7,710 a,200,wo o 

h w e r  1/12 820 820 N A NA 

Lower 1112 420 420 N A N A 

4-Bromophenyt-phenykthcr Lower 1/12 230 230 N A N A 

Lower 1112 490 490 N A 

Lower 2/12 240 - 4,000 2,120 N A N A 

U W ~  3/12 120 - 18,0011 6.440 8,200,000 0 

h w e r  1/12 170 170 N A N A 

Isophorom Lower 1/12 1500 1,500 N A N A 

2-Methylnaphthalene Upper 2/12 700 - 11,000 5,850 8,200.000 0 

Lower 1/12 270 270 N A N A 

Naphthalene Upper 3/12 120 - 26,000 8,940 8,200,000 0 

Lower 1112 880 880 N A N A 

N-Nitmso-di-n-propyhmim Lower 1/12 500 500 N A NA 
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Table 10.45.2.1 
AOC 5% 

Organic Compounds Detected in Soil Wk@ 

RPnge of Mtnn of Number of 
Sampling F r q .  of Deteded Detected industrial h@s 

C o m p o d  l n t c d  Detestion Conc. Conc. RBC Exatdiag RBC 

svocs 

Phenantbrem U W ~  6/12 96.0- ~,~ 38.500 8,~,000 0 

Lower 2/12 210 - 3,700 1.960 N A N A 

SVOCs Ma)P Equivalents) 

B(a)P Equiv. U W ~  8/12 11.1 - 89,900 12.000 780 2 

Lower 2/12 88.8 - 2,100 1,OW NA NA 

Lower 2/12 86.0 - 1.3M) 693 N A N A 

Chrysene Upper 8/12 110 - 82,003 10,900 780,000 0 

Lower 2/12 lo0 - 1.800 950 N A N A 

DitRm(a,h)anthracene Upper 41 12 110 - 18,0013 4.790 780 2 

Lower 1/12 340 340 N A N A 

Lower 1/12 810 8 10 N A N A 

Benzo(k)fluomnthene U W ~  6/12 86.0 - 58.W 10,300 78.000 0 

Lower 2/12 87.0 - 1,50[) 7% NA NA 

Lower 2/12 72.0 - 1.4011 736 N A N A 

Pesticides 

Heptachlor Upper 111 2.00 2.00 1.3Oo 0 

No~oles: 
flglkg = Micrograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 
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Table 10.45.2.2 
AOC 5% 

Inorganic Detections for Soil (Wkg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Reference Exc& 
Elunent Interval Detection Conc. Conc. RBC Conc. RBC and RC - 

Aluminurn [Al) UP%r 12/12 2,010- 11.300 6,m loO.# 26,600 0 

Lower 12\12 2,080 - 19,700 IO.Xo0 NA 41,100 N A 

Antimony (Sb) Upper 10112 0.480 - 2.30 1.49 82.0 1.77 0 

Lower 4/12 0.490 - 1.000 0.7'28 N A 1.60 N A 

Amnic (As) Upper 12/12 5.10- IS5 20.9 3.80 23.9 1 

tower 12/12 3.m - 38.7 14. t NA 19.9 N A 

Barium (Ba) Upper 12/12 18.8 - 110 41.7 14,000 130 0 

Lower 12/12 6.20 - %.4 27.3 N A 94.1 N A 

Beryllium mc) upper 12/12 0.290 - 0.870 0.478 1.30 1.70 0 

Lower 12112 0.fN - 1.30 0.676 N A 2.31 NA 

Cadmium (Cd) Upper 11/12 0.170 - 1.70 0.684 100 1.50 0 

Lower 4/12 0.220 - 0.740 0.452 N A 0.960 N A 

Calcium (Ca) UPF~ 12112 2.280 - 179,000 37.Y00 N A N A N A 

Chromium (Cr) Upper 12112 10.6 - 93.1 29.4 1 ,m 94.6 0 

Lower 12/12 3.70 - 51.3 24 1 N A 75.2 N A 

Cobalt (Ca) Upper 13 12 1.10 - 97.5 14.2 12.000 19.0 0 

Lowor 12/12 1.M - 12.5 4-05 N A 14.9 NA 

Lower 12/12 1.90 - 51.2 19.1 N A 152 NA 

Iron (Fe) Upper 12/12 4.570 - 19,300 9.3W 61,000 N A 0 

Lower 12l12 2,610 - 41,300 16.300 NA N A N A 

Lead (Pb) Upper 12/12 25.7 - 317 1 0!3 1,300 265 0 

Lower 12/12 5.80 - 65.4 29.4 N A 173 N A 
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Table 10.45.2.2 
AOC 5% 

Inorganic Detections for Soil (mg/lrg) 

Number of 
Range of Mem of Samples 

Sample Freq. of Detected Detected Mustrid Reference Exceeding 
Element Interval Detdon Conc. Conc. RBC Cmc. RBC and RC 

Manganese (Mn) Upper 12/12 37.9 - 184 84.7 4,700 302 0 

Lower 12/12 19.6 - 873 237 N A 881 N A 

Mercury (Wg) UPptr 1U12 0.0400 - 0.390 0,1150 61 2.60 0 

Lower 10/12 0 . m  - 0.330 0.132 NA 1.59 NA 

Nickel (Ni) Upper 12/12 3.50 - 20.3 10.6 4,100 77.1 0 

Lower 12/12 2.10 - 18.0 9.38 N A 57.0 N A 

Potassium (K) UPPC~ 11112 398 - 1,710 8 .[110 N A  NA NA 

Lower 9/12 491 - 3,840 2,250 HA N A N A 

Selenium (Se) Upper 9/12 0.590 - 2.00 1.10 1,ooo 1.70 0 

Lower 10112 0.790 - 2.90 1 .'75 N A 2.40 N A 

Sodturn (Na) upper 10112 140 - 1.130 37 1 NA N A NA 

Lower 10112 171 - 880 419 NA N A NA 

Thallium (TI) Upper 3/12 0.660 - 1.10 0.8,20 16 2.80 0 

Lower 5/12 0.640 - 2.30 1.135 N A N A N A 

Tin (Snf Upper 8/12 3'70 - 42.3 11.2 1#+WO 59.4 0 

Lower 9/12 3.20 - 17.9 6.56 N A 9.23 N A 

Vanadlum (V) Upper 12/12 11.8 - 35.6 20.1 1.400 94.3 0 

Lower 12/12 5.60 - 71.5 34.0 N A 155 N A 

Nolcs: 
mglkg = Milligrams per kilogram 
RBC = Risk-based concerntion 
RC = Reference conccnmtion 
NA = No industrial RBC or RC established 
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Volatile Organic Compounds in Soil 

Seven VOCs were detected in soil samples coIlected at ACIC 596. Twelve detections occurred in 

the upper interval and eight in the lower interval. No VOCl exceeded its respective industrial FU3C 

in the upper interval or respective SSL in the lower interval. 

Semivolatile Organic Compounds in Soil 

Twenty-two SVOCs were detected in soil samples collected at AOC 596. Eighty-six detections 

occurred in the upper interval and 29 in the lower interval. Five SVOCs - Benzo(a)pyrene, 

dibenz(a,h)anthracene, benzo(a)anthracene, benzo(b)fluoranthene, and indeno(l,2 $3-cd)pyrene - 

exceeded their respective industrial RBC in the upper interval. Additionally, four SVOCs - 
benzo(a)anthracene, chrysene, isophorone, n-nitroso-di-n-propylamine - exceeded their respective 

SSL in the lower interval. 

Benzo(a)anthracene was detected in seven of twelve upper-interval samples with a range of 100 to 

70,000 pglkg and a mean of 10,600 wglkg. One upper-interval sample (596SB006,70,000 pglkg) 

exceeded the benzo(a)anthracene RBC of 7.800 uglkg. Benzo(a)anthracene was detected in two 

of 12 lower-interval samples with a range of 86 to 1,300 pglkg and a mean of 693 pglkg. One 

lower-interval sample (596SB006, 1,300 uglkg) exceeded the benzo(a)anthracene SSL of 

700 pglkg. 

Benzo(b)fluoranthene was detected in six of twelve upper-interval sampIes with a range of 91 .O to 

58,000 yglkg and a mean of 10,200 pgikg. One upper-interval sample (596S3006,58,000 pglkg) 

exceeded the benzo(b)fluoranthene RBC of 7,800 pg/kg. 

Benzo(a)pyrene was detected in seven of 12 upper-interval samples with a range of 91.0 to 

55,000 pglkg and a mean of 8.420 pg/kg. Two upper-interval samples (596SB006, 55,000 pglkg; 

596SB013, 2,800 pgtkg) exceeded the Benzo(a)pyrene W C  of 780 pglkg. 
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In accordance with recent cPAH guidance, BEQs were calculated for c P M s  at AOC 596. The 

BEQ was calculated for eight upper-interval samples with a range of 11.1 to 89,900 pglkg and a 

mean of 12,000pglkg. Two samples (596SB006, 89,900 pglkg; 596SB013, 4,452 &kg) 

exceeded the BEQ industrial RBC of 780.0 pglkg. 

Chrysene was. detected in two of 12 lower-interval samples with a range of 100 to 1,800 ,uglkg 

and a mean of 950 pglkg. One lower-interval sample (596SB006, 1,800 pglkg) exceeded the 

chrysene SSL of 1,000 pglkg. 

Dibenz(a,h)anthracene was detected in four of twelve upper-interval samples with a range of 

110 to 18,000 pglkg and a mean of 4,790 pg/kg. Two upper-interval samptes (596SBOO6, 

18,000 pglkg; 596SB013, 870 pglkg) exceeded the dibenz(a,h)anthracene RBC of 780 pglkg. 

Indeno(l,2,3-cd)pyrene was detected in five of twelve upper-interval samples with a range of 

92.0 to 34,000 pglkg and a mean of 7,220 pglkg. 0:ne upper-interval sample (596SB006, 

34,000 pglkg) exceeded the indeno(l,2,3-cd)pyrene RBC of 7,800 pglkg. 

Isophorone was detected in one of 12 lower-interval samples at 1,500 pglkg. One lower-interval 

sample (596SB005, 1,500 pglkg) exceeded the isophorone SSL of 200 pglkg. 

N-nitrosodi-n-propylamine was detected in one of 12 lower-interval samples at 500 pglkg. One 

lower-interval sample (596SB005, 500 pglkg) exceeded the n-nitrosodi-n-propylamine SSL of 

200 pglkg . 
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Pesticides in Soil 

Two pesticides were detected in soil samples collected at .AOC 596. Two detections occurred in 

the upper interval; no lower interval samples were col.lected. Neither pesticide exceeded its 

respective industrial RBC in the upper interval. 

Inorganic Elements in Soil 

Twenty-three metals were detected in soil samples collected at AOC 596. Two hundred and fifty- 

four detections occurred in the upper interval and 231 occurred in the lower interval. One metal 

- arsenic - exceeded both its respective industrial RBC and background RC in the upper interval. 

Additionally, two metals - arsenic and barium - exceeded both their respective SSL and 

background RC in the lower interval. 

Arsenic was detected in 12 of 12 upper-interval samples with a range of 5.10 to 155 mglkg and 

a mean of 20.9 mglkg. One upper-interval sample (596SB006, 155 mglkg) exceeded both the 

arsenic industrial RBC of 3.8 mglkg and the background RC of 23.9 mglkg. Arsenic was detected 

in 12 of 12 lower-interval samples with a range of 3.20 to 38.7 mg/kg and a mean of 14.1 mglkg. 

Three lower-interval samples (596SB007, 22 mglkg; 596SB010, 38.7 mglkg; and 596SB011, 

21 mg/kg) exceeded both the arsenic SSL of 15 mgtkg and the background RC of 19.9 mglkg. 

Barium was detected in 12 of 12 lower-interval samples with a range of 6.20 to 96.4 mgtkg and 

a mean of 27.3 mglkg. One lower-interval sample (596SB006, 96.4 mglkg) exceeded both the 

barium SSL of 32 mglkg and the background RC of 94.1 mglkg. 

10.45.3 Groundwater Sampling and Analysis 

Two deep monitoring wells and four shallow monitoring wells were installed and sampled to 

assess groundwater quality at AOC 596 as shown in Figure 10.45.2. The wells were installed as 

follows: 



- SOIL BORINGS 
0 - CORE SAMPLES 
@ - DEEP MONITORING WELLS 

NAVAL BASE CHARLESTO 

@ - SHALLOW MONITORING WELLS CHARLESTON, S.C. 
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Shallow Wells - NBCE596001, NBCE596002, NBCE596003, NBCE596004 

a Deep Wells - NBCE59601D, NBCE59604D 

Groundwater samples were submitted for analysis at DQC) Level 111 for VOCs, SVOCs, metals, 

chlorides, sulfates, and TDS. One duplicate sample was collected from a shallow monitoring well 

and submitted for Appendix IX analyses at DQO Level nr, which includes the parameters listed 

above plus a more comprehensive list of VOCs and SVOCs as well as herbicides, hexavalent 

chromium, organophosphorous pesticides, and dioxins. Table 10.45.3.1 summarizes groundwater 

sampling and analysis at AOC 596. 

Table 10.45.3.1 
AOC 5% 

Groundwater Sampling Summary 

W e k  Wells 

Shallow 4 4 VOCs, SVOCs, metals VOCs, SVOCs, metals None 

Deep 2 2 VOCs, SVOCs, metals VOCs, SVOCs, metals None 

The shallow monitoring wells were installed at 13 feet bgs in the surficial aquifer. The deep wells 

were installed at 32.1 and 33.6 bgs at the base of the surficial aquifer. All wells were installed 

in accordance with Section 3.3 of this report. 

10.45.4 Nature of Contamination in Groundwater 

Organic compound analytical results for shallow groundwater are summarized in Table 10.45.4.1. 

No organic compounds were detected in deep groundwater. Inorganic analytical results for 

shallow and deep groundwater are summarized in Tables 10.45.4.2 and 10.45.4.3, respectively. 

Appendix H contains the complete data report for all samples collected in Zone E. 
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Table 10.45.4.1 
AOC 5% 

Organic Compounds Detected in First Quarter Groundwater (pg/L) 
Shallow Monitoring Wells 

Range of Mean of Number of 
Freq. Of Detected Detected TapWater Samples 

Compound Detection Conc. Conc. RBC MCL Exceeding RSC 

Dioxins 

Dioxin Equiv. 111 0.0087 0,0087 0.4 NA 0 

OCDD 111 8.72 8.72 N A N A N A 

Notes: 
pgfL = Piwgrams per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
NA = No RBC or MCL established 

Table 10.45.4.2 
AOC 5% 

Inorganic Detections for First Quarter Groundwater (pglL) 
Shallow Monitoring Wells 

Number of 
Rauge of Mean of Samples 

Freq. of Detected Detected Tap-Water Reference Exceeding 
Element Detection Conc. Conc. RBC Conc. MCL RBCandRC 

Aluminum (Al) 414 229 - 535 336 3,700 2,810 N A 0 

Arsenic (As) 214 7.60 - 11.0 9.30 0.0450 18.7 50.0 0 

Chromium (Cr} 1 14 5.30 5.30 18.13 12.3 100 0 

Iron (Fe) 1 /4 11,000 11,000 1,100 N A N A 1 

Vanadium (V) 2/4 1.000 - 3.20 2.10 26,O 11.4 N A 0 

Zinc (Zn) 314 10.5 - 14.7 12.0 1,100 27.3 NA 0 

Notes: 
~glL = Micrograms per liter 
RBC = Risk-based concentration 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RC or MCL established 
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Table 10.45.4.3 
AOC 5% 

Inorganic Detectiom for First Qunrttr Groundwater w) 
Deep Monitoring Wells 

Number of 
Range of Meau of wpks 

Frq.  of Detected Detected lPpWater Reference Excssding 
Element Detection Conc. Conc. RBC Cone. MCL RBCmdRC 

Aluminum (Al) El2 26.1 26.1 3.700 3 19 N A  0 

Arsenic (As) 212 13.5 - 43.8 28.7 0.0450 16.4 50.0 1 

Calcium (Ca) 212 174,MNI - 177,000 176.000 N A N A N A N A 

Chromium (Cr) 112 1.10 1.10 18.0 15.5 1OO 0 

Cobalt (Co) 212 5.90 - 10.1 8.00 220 12.9 N A 0 

Iron (Fe) 212 3,200 - 8,170 5.690 1.100 NA NA 2 

Magnes~um (Mg) 212 173,000 - 216,000 195,000 N A N A N A N A 

Manganese (Mn) 2/2 356 -715 536 84.0 869 N A 0 

Potassium (K) 212 18.100 - 35,800 27,000 N A N A N A N A 

Sodium (Na) 2/2 1,8@.000 - 1,990,000 1,900+00 N A N A N A N A 
0 

Vanadium (V) 212 1.10- 1.30 1.20 26.0 5.3 NA 0 

Notes: 
pglL = micrograms per liter 
RBC = Risk-based concentntion 
MCL = Maximum contaminant level 
RC = Reference concentration 
NA = No RBC. MCL, or RC established 

Other Organic Compounds in Groundwater I 

Shallow Groundwater 2 

One dioxin - OCDD - was detected in the duplicate shallow groundwater sample collected at 3 

AOC 596. No tap-water RBC or MCL has been established for OCDD. 4 
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In accordance with recent dioxin guidance, the TEQ (dioxin equivalent) was calculated for the 

sample at 0.0087 pg/L, below the 2,3,7,8-TCDD tap-water RBC of 0.4 pg/L. No MCL has been 

established for dioxin equivalents. 

Inorganic Elements in Groundwater 

Shallow Groundwater 

Six metals were detected in shallow groundwater samples collected at AOC 596. One metal 

- iron - exceeded its respective tap-water RBC. 

Iron was detected in one of four samples in well NBCE596001 (1 1,000 pg/L), exceeding its tap- 

water RBC of 1,100 pg/L. No shallow groundwater RC or MCL has been established for iron. 

Deep Groundwater 

Fourteen metals were detected in deep groundwater samples collected at AOC 596. Two metals 

- arsenic and iron - exceeded their respective tap-water RBC and background deep groundwater 

RC (where available). 

Arsenic was detected in two of two samples with a range of 13.5 to 43.8 pg/L and a mean of 

28.7 yglL. One sample from well NBCE59601D (43.8 ,ug/L) exceeded both the arsenic tap-water 

RBC of 0.0450 pg/L and deep groundwater RC of 16.4 p g / L .  The detection did not exceed the 

arsenic MCL of 50.0 pg/L. 

Iron was detected in two of two samples with a range of 3,200 to 8,170 pg/L and a mean of 

5,960 pg/L. Two samples from wells NBCE59601D (8,170 pglL) and NBCE59604D 

(3,200 pglL) exceeded the iron tap-water RBC of 1,100 pg,/L. No deep groundwater RC or MCL 

has been established for iron. 



Dru. Zone E RCRA Facility Znvesfigulion Report 
NAVBASE Charleston 

Section 10: Site-Specific Evaluarions 
November 1997 

10.45.5 Fate and Transport Assessment for AOC 596 

AOC 596 is the site of a former torpedo storage area located in Building 101. Since 1943, the 

building was used as a machine shop, a storage house for diesel parts, a storage house for a 

galvanizing plant, and most recently, a storage house for radioactive-contaminated material. The 

building is on a concrete slab surrounded by other buildings and asphalt and concrete pavement. 

There is a small lawn south of Building 101 and a smaller grassy strip along part of the northwest 

side of the building, Environmental media sampled as part of the AOC 596 RFI include surface 

soil, subsurface soil, and shallow and deep groundwater. Potential constituent migration 

pathways investigated for AOC 596 include soil to groundwater, groundwater to surface water, 

and emission of volatiles from surface soil to air. 

10.45.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.45.5.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. For inorganics, maximum concentrations in soil are compared to the greater of 

(a) risk-based soil screening levels, or (b) background reference concentrations. To provide a 

conservative screen, generic soil screening levels are used; leachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuat:ion of constituents in soil (DAF= 10). 

Nine organic compounds - benzo(a)anthracene, benzo(a)pyrene, benzo@)fluoranthene, 

benzo(k)fluoranthene , chry sene, dibenzo(a ,h)anthracene, indeno(l,2,3-cd)pyrene , isophorone , and 

n-nitrosodi-n-propylamine - were detected in AOC 596 soil at concentrations exceeding generic 

groundwater protection SSLs. Benzo(a)anthracene, benzo(a)pyrene, benzo@)fluoranthene , 

benzo(k)fluoranthene, chrysene, dibenzo(a, h)anthracene, and indeno(l,2,3-cd)pyrene were all 

detected at concentrations exceeding their generic groundwater protection SSLs in the same surface 

soil sample (596SB006). This sample, which was collecteti from inside Building 101, accounted 

for the site's maximum number of soil detections at 15 PAHs plus dibenzofuran (26,000 pglkg). 
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Dibenzofuran has no established generic SSL, accepted ,values of K, , or Henry's law constant 

with which to calculate an SSL. Benzo(a)anthracene also exceeded its groundwater protection SSL 

in the subsurface soil sample from the same soil boring. 

Benzo(a)anthracene, benzo@)fluoranthene, and dibenzo(a,h)anthracene were detected at 

concentrations exceeding their respective SSLs in another surface soil sample (596SB013), 

although concentrations at this location were much lower than at 596SB006. N-Nitroso-di-n- 

propylamine and isophorone were detected at concentrations exceeding their groundwater 

protection SSLs in one subsurface soil sample (596SB005). No organic compound, however, was 

detected in first-quarter groundwater samples at AOC 596, indicating that the current soil- 

groundwater equilibrium is sufficiently protective of the surficial aquifer. 

Four inorganics - arsenic, cobalt, copper, and selenium - were detected in AOC 596 soil at 

concentrations exceeding their generic SSLs and/or background reference values. Arsenic and 

copper exceeded their respective background reference values in the same surface soil sample 

(596SB006). Arsenic also exceeded its background 'value in one subsurface soil sample 

(596SBOlO). Cobalt exceeded its background reference value in three surface soil samples 

(596SB002,596SB007, and 596SB012). Selenium exceeded its generic SSL in three subsurface 

soil samples (596SB003, 596SB010, and 596SBOll). Of' the inorganics soil exceedances, only 

arsenic was detected in first-quarter groundwater samples, including one deep sample with a 

concentration exceeding groundwater and surface water standards. 

10.45.5.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.45.5.1 also compares maximum detected organic constituent concentrations in shallow 

and deep groundwater samples to risk-based concentrations for drinking water, and to chronic 

ambient saltwater quality criteria values for the protection of aquatic life (saltwater surface water 

chronic screening values). For inorganics, maximum concentrations in groundwater are compared 
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to the greater of (a) risk-based drinking water concentrations, or (b) background reference 

concentrations for groundwater, as well as to the saltwater surface water chronic values. To 

provide a conservative fist-tier screen, no attenuation or dilution of constituents in groundwater 

is assumed before comparison to the relevant standards. 

The surficial aquifer is protected in the vicinity of AOC 596 by a thick layer of clay at or just 

below the surface. The well boring log of deep well NBCE59601D indicates over 14 feet of clay 

overlying the first saturated aquifer material, which is silt. The boring log for deep well 

NBCE59604D indicates one foot of saturated sand above 11 feet of clay, which overlies the silt 

aquifer. No organic compounds were detected in AOC 596 first-quarter groundwater samples at 

concentrations exceeding tap water RBCs or saltwater surface water chronic screening levels. 

Arsenic's maximum detected concentration of 43.8 pg/L exceeded its background reference value 

for groundwater of 18.7 pglL and its saltwater surface water chronic screening level of 36 ,uglL 

in the groundwater sample collected from deep well NBCE59601D; however, the maximum 

detected concentration of arsenic was below its respective MCL of 50 pglL. Arsenic was not 

detected in first-round or second-round samples from deep supplemental well NBCEGDEOSD, 

approximately 270 feet downgradient from well NBCE59601D. Arsenic was detected in the third 

and fourth rounds from this well at low concentrations (4 pglL and 5 pg/L, respectively). No 

other inorganics in groundwater samples were detected at concentrations exceeding first-tier 

screening criteria. 

10.45.5.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.45.5.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecological/human health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 
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constituent concentrations are compared to calculated SSLs that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DAF= 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a potential threat to 

surface water quality, after allowing for dilution of groundwater by surface water when the 

groundwater discharges into the river. The site-specific :surface-water dilution factor calculated 

for AOC 596 is 132,000: 1 (see Table 6.2.1). 

Except for N-nitrosodi-n-propylamine, none of the first-tier constituent concentrations exceeded 

the adjusted screening levels of the second tier, indicating that most site constituents in soil and 

groundwater pose no threat to human health or the environment in the Cooper River. N-Nitroso- 

di-n-propylamine was detected in a single subsurface soil sample (596SB005) at a concentration 

of 500 pg/kg, exceeding its adjusted second-tier SSL of 31.7 pg/kg; however, it was not detected 

in groundwater samples fiom any of the four sampling rounds. 

10.45.5.4 Soil-to-Air Cross-Media Transport 

Table 10.45.5.3 lists the VOCs detected in surface soil samples collected at AOC 596 dong with 

corresponding soil-to-air volatilization screening levels. Minimal surface soil is exposed near 

AOC 596. In addition, no VOCs maximum concentration exceeded its respective soil-to-air 

volatilization screening level. As a result, the soil-to-air migration pathway is not expected to be 

a viable pathway at AOC 596. 

10.45.5.5 Fate and Transport Summary 

Of the thirteen organic and inorganic constituents identified in soil at concentrations exceeding 

groundwater protection SSLs and/or background reference values, only arsenic was also detected 

in groundwater. Arsenic was detected exceeding its background reference concentration in 

samples from one deep well in all four sampling rounds, but did not exceed its respective MCL 
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in any sample. Although arsenic concentrations in groundwater did exceed both of its first-tier 

screening criteria, arsenic was not detected at concentrations exceeding its adjusted second-tier 

screening level for groundwater. This indicates no threat to surface water in the Cooper River via 

the groundwater to surface water migration pathway. 

N-Nitroso-di-n-propylamine was detected in one subsurface soil sample at a concentration 

exceeding the adjusted SSL of the second-tier comparisons. It was not detected in surface soil or 

in groundwater through four quarters of sampling. The second-tier SSL assumes sitewide soil 

concentrations equal to the maximum detected concentration of the constituent. Since N-nitroso- 

di-n-propylamine was detected in only one of 24 soil samples, and not at all in groundwater 

samples, the indicated threat to surface water quality in the Cooper River via the soil to 

groundwater to surface water migration pathway does not exist at this time. The thick clay layer 

overlying the surficial aquifer in the vicinity of AOC 596 makes it unlikely that significant 

quantities of detected soil constituents will be able to migrate downward to the aquifer. 



Tablc 10.45.5.1 
Chemicals Detected in Surface Soil, Subsurface Soil. Shallow Groundwater, and Deep Groundwater 
Compariuon to SSLs, Tap Water RBCa, Salt Water Surface Water Chronic Screening Levcls. and Background Concentrations: Tier One 
NAVBASE-Charlcatm, Zone E: AOC 5% 
Charleston, South Carolina 

Orornd- Surf.0~ 
Water W& 

h c h g  M i e i o n  Migration 
Polcntial Concern Concern 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Soil Wdcr 
Uniu Unib 

u m a  
u a a  uoh 
u w a  uon 
u w a  urn 

2 5 6 0 u t ~ t a  urn 
u m a  urn 
u m a  uoh 

Snwning Concenlration 
Soil to Salt Wtr. 
GW Tap Watcr S d .  Wtr. 
SSL RBC Chronio 

8000 3700 NA 
4000 1900 NA 

16000 1000 NA 
6500 1300 4.3 

10 4.1 
6000 750 37 

71000 12000 NA 

r 

Parameter 

Valatilc Organic Compounds 
Acctonc 
2-Butanone (MEK) 
Carbon dimlfide 
Ethylbenzene 
Mcthylme chloride 
Toluene 
Xylene (total) 

Semivalntilc Organic Compounda 
Acenllphtbcne 
Anthracenc 
Bcnzo(g,h,i)p~ylene 
Bcnzo(a)pymnc equivalcnta 

Benzo(a)anthraccnc 
Benzo(ah~rene 
Benzo@)fl-thene 
Btnzo(k)fluoranthcne 
chrysenc 
Dibcnzo(n,h)anthraoene 
Indeno(l,2,3+d)pyrenc 

4-Bromophenyl-phenylether 
Butylbmzylphthalate 
Dibcnzofi~ran 
bia(2-Ethylhexyl)ph(halatc (BEHP) 
Fluoranlene 
FIuorene 
Isophorone 
2-Mcthylnaphthalene 
Naphthalene 
N-Nitrmdi-n-propylamine 
Phenanthrene 

m e  

PcaticidtdPCB Compounds 
4.4'-DDT 
Heptachlw 

Dioxin Compounds 
Dioxin (TCDD TEQ) 

Lnorganic Compounds 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (lotal) 
Cobalt 

COW 
Lead 
Manganese 
M m u r ~  
Nickel 
Selcluum 
ThslIium 

Mu. Concentration 

Surface Subsurface 
Soil SoiI 

150 260 
12 48 
4 6 
7 ND 
2 
2 ND 

150 3 

285000 2200 9.7 
5900000 11000 NA 

2.33Ee8 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 

800 0.0092 NA 
7000 0.092 NA 

718000 2100 NA 
930000 7300 29.4 

N A 150 NA 
l800000 4.8 NA 
2150000 1500 1.6 
280000 1500 NA 

250 7 1 129 
63000 1500 NA 
42000 1500 
0.025 0.00% NA 

690000 I500 NA 
2100000 1100 NA 

16000 0.2 0.001 
11500 0.0023 0.0036 

950 0.43 

41100 37000 NA 
2.5 15 NA 

23.9 18.7 36 
820 2600 NA 

3 2 1.2 NA 
4 18 9.3 

94.6 37000 
19 2200 NA 

152 1500 2.9 
400 15 8.5 
881 2560 NA 
2.6 1 I 0.2 

77.1 730 42.2 
2.5 180 71 
2.8 2.9 21.3 

Mau. Concentration 

Shallow Dccp 
GW GW 

ND ND 
ND ND 
ND ND 
ND ND 

N D N D N D  
ND ND 
ND ND 

20000 280 
2500 570 

36000 820 

70000 1300 
55000 1400 
58000 1300 
58000 1500 
82000 1800 
18000 340 
34000 810 

ND 230 
210 ND 

26000 490 
130 420 

220000 4000 
18000 170 

ND 1500 
ll000 270 
26000 880 

ND 500 
220000 4900 
160000 3700 

1 I ND 
2 ND 

N A NA 

11300 19700 
2.3 I 
155 38.7 
110 96.4 

0.87 1.3 
1.7 0.74 

93.1 51.3 
97.5 12.5 
194 51.2 
317 65.4 
184 873 

0.39 0.33 

20.3 18 
2 2.9 

1.1 2.3 

ND ND 
ND ND 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

NA NA 
NA NA 

0.0087 NA 

535 26.1 
ND ND 
11 43.8 

ND 45.1 
ND ND 
ND Nn 
5.3 1.1 
ND 10.1 
ND ND 
ND ND 
ND 715 
ND 0.2 
ND 15.3 
ND ND 
ND ND 

u w o  uot 
u w o  u u ~  
w o  uoh 

u m c  uoh 
u m o  urn 
ucuwo uoh 
WG urn 
uoxo uon 
u m a  urn  
u w ~  uah 

u a a  uon. 
umo urn 
m a  urn 
umo van 
u m a  urn 
u m a  urn 
m a  uoh 

u o ~ a  urn 
2 3 . 5 u m ~  uor 

L I ~ G  uah 

u m o  urn  
u m a  ucn 

u a m  uon 
u a c  u a  

1 0 ~ m o  P(M. 

MWO UM. 

ktma vol. 

M ~ O  uah 
~ m o  urn 
M ~ O  UWL 

MWKG UWL 

1 0 3 ~ m a  uw 
 ma uon. 
~ m a  u s z  
~ ~ t a  uon. 
M W K ~  UWL 

M(YYG UCUL 

MWG UWL 

~ a x a  uun 
M ~ G  ucaz 

NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
YES NO NO 
YES N O  NO 
YES NO NO 
YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 
YES YES YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
YES NO NO 
NO NO NO 

-. 



Table 10.45.5.1 
Chemicals Detected in Surface Soil, Subsurface Soil, Shallow Groundwater, and Deep Groundwater 
Comparison Lo SSLs, Tap Water RBCs, Salt Watcr Surface Water Chronic Screening Levels, and Background Conccntra~im: Tier One 
NAVBASECharleslon, Zone E: AOC 596 
Charleston, South Carolina 

* Screening Concentrations: 
Soil to GW - Generic SSLs based on DAF = 10, adapted from 1996 EPA Soil Screening Ciuidanoe or calculated wing values from Tablc 6.2 
Tap Water RBC - From EPA Rcgion I11 Risk-Based Concentration Table, June 3, 1996 
Salt Water Surface Watcr Chronic - From EPA Supplcmcnlal Guidance to RAGS: Region 4 Bulletins, Ecologioat Riak krssssmcnt, Novcmbcr, 1995; Table 2 

In each case, Be value shown is the greater of the relevant ffirccning value or the corresponding background rtfcrmcc value 

Parameter 

Units: See notm for Table 10.1.5.1 

Max. Concenlralion 

Surface Subnurface 
Soil Soil 

h. Concenlratim 

Shallow Deep 
GW GW 

Tin 
Vsnadium 
Zmc 

ND ND 
3.2 1.3 

14.7 ND 

42.3 17.9 
35.6 71.5 
270 206 

Ground- Surface 
Water Water 

Iicaching Migration Migration 
Potential Conccm Conccm 

Screening Concmtration * 
Soil Lo Salt Wtr. 

GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

NO NO NO 
NO NO NO 
NO NO NO 

Soil Water 
Unik Units 

59.4 22000 NA 
3000 260 NA 
6000 I1000 86 

w o  ucn 
M ~ K Q  urn  
 ma urn 
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Table 10.45.5.3 
Soil-to-Air Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: AOC 596 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region 111 Risk-Based Concentration Table, June 1996. 
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10.45.6 Fixed-Point Risk Evaluation for AOC 596 

10.45.6,l Site Background and Investigative Approach 

AOC 596 was a torpedo storage area located in former Building 101. Building 101 was also used 

as a machine shop, a storehouse for diesel parts, and a storage area for radioactive-contaminated 

material. This site is located in a highly industrialized portion of Zone E. As a result, the risk 

assessment for this site is presented as a FRE following the framework presented in Section 7.3.  

All twelve surface soil samples collected during the AOC 596 RFI were used in the FRE. Six 

monitoring wells (four shallow and two deep) were installed as part of the 1995 RFI. 

Groundwater data generated from the first quarter RFI sampling event are used to represent point 

riskhazard for the AOC 596 FRE. Sections 10.45.1 and 10.45.3 contain summaries of the 

sampling effort for AOC 596 soil and groundwater. 

10.45.6.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.45.6.1 provides CPSS summaries for AOC 596 soil and identifies COPCs based on 

comparison to residential and industrial RBCs and background RCs. Based on residential RBCs, 

arsenic and BEQ equivalents were identified as COPCs for AOC 596. Aluminum, beryllium, 

chromium, manganese, and thallium were detected in AOC 596 soil at concentrations above their 

RBCs but were eliminated from consideration in the residential FRE based on comparison to their 

background concentrations. Wilcoxon rank sum test analyses did not result in the inclusion of any 

parameter that had been screened out based on background concentration. 

Table 10.45.6.2 summarizes the residential COPCs detected at each AOC 596 sample location 

with contribution to risk and hazard. As shown, arsenic and BEQ equivalent compounds 

contribute to risk for AOC 596 surface soil, exceeding .lE-06 at all 12 locations. The highest 

concentrations of BEQ equivalents were reported in surface soil sample 596SB006 and 596SB013, 
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which were associated with risks of 7E-05 and 1E-03, respectively. Figure 10.45.3 is a spatial 1 

presentation of residential risk estimates for AOC 596 surface soil. Risk estimates range from 2 

2E-05 to 2E-03 with an arithmetic mean risk of 2E-04. 3 

The arsenic concentration reported in sample 596SB006 equates with a hazard quotient of 7. No 

other soil sample was associated with HI projections above unity. Figure 10.45.4 is a spatial 

presentations of residential HI projections for AOC 596 surface soil. HI projections ranged from 

0.2 to 7, with an arithmetic mean HI of 0.9. 

Industrid Scenario 

Based on industrial RBCs, arsenic and BEQ equivalents were identified as COPCs for AOC 596 

surface soil. Wilcoxon rank sum test analyses did not result in the inclusion of any parameter that 

had been screened out based on background concentration. 

Table 10.45.6.3 summarizes the industrial COPCs detected at each AOC 5% sample location with 

contribution to risk and hazard. As shown, arsenic and BEQ equivalent compounds contribute to 

risk for AOC 596 surface soil, exceeding lE-06 at all 12 locations. Figure 10.45.5 is a spatial 

presentation of industrial risk estimates for AOC 596 surface soil. Risk estimates range from 

2E-06 to 4E-04 with an arithmetic mean risk of 3E-05. 

No surface soil sample was associated with HI projections above unity based on the industrial 

scenario. HI projections ranged from 0.01 to 0.4. 

10.45.6.3 Fixed-Point Risk Evaluation for Groundwater 

Table 10.45.6.4 provides CPSS summaries for AOC 596 groundwater and identifies COPCs. 

Arsenic was identified as a groundwater COPC for the deep aquifer. No COPCs were 

identified for the shallow aquifer. COPC identification was based on comparison of fust quarter 



LEOEND - CUMULATIVE SOlL RlSK ZONE E - RCRA FACIU' 
INVESTIG#TION REPOI 
NAVAL BASE, CHARLE' 
CHARLESTON, s.c 

I FIGURE 10.45.3 
CUMULNIVE SOlL RlSK 
RESIDENTIAL SCENARIO - AOC 696 



LEGEND - CUMULATIVE SOlL HAZARD 
-A 

ZONE E - RCRA FACILITY 
INVESTlGPDlON REPORT 
NAVAL W E ,  CHARLESTON 
CHARLErnN, S.C. 

r 

1.0to3.0 FIGURE 10.46.4 
> 3.0 CUMULATIVE SOlL HAZARD 

RESIDENTIAL SCENARIO 
AOC 596 

U L-----*- 



LEGEND - CUMULATIVE SOIL RISK ZONE E - RCRA FACILITY 
INVESTIGbTION REPORT 
NAVAL BASE, CHARLESTON 

1E-6 to SE-6 
J 5E-6t0lE-5 

1E-5 to 1E-4 

INDUSTRIAL SCENARIO 



DraB Zone E RCRA Facility Investigation Repon 
NA W A S E  Charleston 

Section 10: Site-Specific Evaluohuoho~ 
November 1997 

groundwater concentrations to tap water RBCs, as well as corresponding background 

concentrations for inorganics. The maximum concentration of arsenic reported in the shallow 

aquifer and the maximum concentration of manganese reported in the deep aquifer exceeded their 

respective RBC and were eliminated from consideration in the corresponding groundwater FRE 

based on comparison to their background RCs. Wilcoxm rank sum test analyses did not result 

in the inclusion of any parameter that had been screened out based on background concentration. 

Table 10.45.6.5 summarizes the COPCs identified in Am: 596 monitoring wells sampled during 

the frrst quarter. Concentrations of arsenic reported for the first quarter groundwater samples 

collected from monitoring wells NBCE59601D and NBCEr599604 equate with risks of 1E-03 and 

3E-04, respectively. No COPCs were identified for the shallow aquifer based on frrst quarter 

sample results. Figure 10.45.6 illustrates the groundwater data as a function of point specific risk 

projections. 

Concentrations of arsenic were associated with HI projections of 9 and 3, for groundwater samples 

collected fiom monitoring wells NBCE59601D and NBCE59602D, respectively. Figure 10.45.7 

inlustrates the groundwater data as a function of point specific hazard projections. 

10.45.6.4 Uncertainty 

AOC 596 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions 

made in the site worker scenario are highly protective and would tend to overestimate exposure. 
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Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil and/or a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to current /hre  site workers and future site residents. 

Groundwater is not currently used as a potable water source at AOC 596, nor is it used at 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 

constructed onsite and an unfiltered well were installed, the salinity and dissolved soIids would 

preclude this aquifer from being an acceptable potable water source. 

Quantification of RisWHazard 

Soil 

A conservative screening process was used to identify COPCs for AOC 596. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative RBCs 

in combination with the use of maximum detected concentrations for comparison minimizes the 

likelihood of a significant contribution to risWhazard based on eliminated CPSSs. Of the CPSSs 

screened and eliminated from formal assessment based on comparison to RBCs, none was reported 

at a concentration close to its lU3C (e.g . , within 10% of its RBC). 
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Aluminum, beryllium, chromium, manganese, and thallium were reported in AOC 596 soil at 

concentrations above their RBC benchmarks and were eliminated from consideration in the FRE 

based on comparison to their background concentration. As a result, their contribution to 

riswhazard has not been considered in this FRE. 

Groundwater 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to risWhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at concentrations close to its RBCs (e.g., within 20% of its RBCs). 

Arsenic and manganese were reported in AOC 596 shallow and deep groundwater, respectively, 

at a maximum concentration above their RBC benchmark and were eliminated from consideration 

in the FRE based on comparison to their corresponding background concentrations. As a result, 

their contribution to risWhazard has not been considered in the corresponding groundwater FRE. 

10.45.6.5 FRE Summary 

The risk and hazard posed by contaminants at AOC 596 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. The groundwater FRE was based on f is t  

quarter data and considers both the ingestion and inhalation pathways. Risk and HI estimates are 

presented on Tables 10.45.6.2, 10.45.6.3, and 10.45.6.4 such that a risk (E-06) or HI that exceeds 

one for any COPC at any given sampIe location is an indication that the concentration of that 

COPC exceeds its RGO (calculated at a target risk of 1E-.U6 and a target hazard quotient of 1). 

Section 7, Tables 7.3.1, 7.3.2, and 7.3.3 provide residential, industrial, and residential 

groundwater RGOs, respectively, for all of the COPCs identified for Zone E. 
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Soil - Residential Scenario 

Arsenic was detected in AOC 596 surface soil at concentrations above its RGO in all 12 samples, 

however, it exceeded its background RC in only one sample. BEQ equivalent compounds were 

detected in AOC 596 surface soil at concentrations above their residential RGOs in seven of the 

12 samples. The calculated mean risk estimate associated with BEQ equivalents was 1E-04 

(assuming a deminixnus risk of 1E-07 for samples which were nondetect for BEQ equivalents) 

which is above the 1E-06 SCDHEC risk level of concern and equal to the upper bound of 

USEPA's 1E-06 to 1E-04 acceptable risk range. 

Soil - Site Worker Scenario 

Arsenic was detected in AOC 596 surface soil at concentrations above its industrial RGO in all 

12 samples, however, it exceeded its background RC in only one sample. BEQ equivalent 

compounds were detected in AOC 596 surface soil at concentrations above their industrial RGOs 

in four of the 12 samples. The calculated mean industrial risk estimate associated with BEQ 

equivalents was 3E-05 (assuming a deminimus risk of 1E-07 for samples which were nondetect 

for BEQ equivalents) which is above the 1E-06 SCDHEC risk level of concern and within 

USEPA's 1E-06 to f E-04 acceptable risk range. 

Groundwater - Residential Scenario 

Arsenic was the primary contributor to risk and hazard projection for the deep groundwater and 

was detected at concentrations above its RGO in first quarter groundwater samples collected from 

both deep monitoring wells. Arsenic in groundwater samples collected from NBCE59601D and 

NBCE59602D during subsequent quarters show that its concentrations are similar to the first 

quarter samples. Groundwater samples collected from monitoring wells NBCE596001 and 

NBCE595003 during the second, third, and fourth quarters, reported higher concentrations of 

arsenic than those reported in the first quarter groundwater samples collected from the same wells, 

Arsenic was not detected at a concentration above its MCL, in any AOC 596 groundwater sample 
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collected over four quarters. Lead (TTAL = 15 pg/L) and thallium (MCL = 2 pglL) were both 

detected at concentrations above their MCLs in groundwater samples collected during subsequent 

quarterly sampling. Lead was detected at a concentration of 28.1 pglL in the second quarter 

groundwater sample collected from monitoring well NBCE596002. Through four quarters of 

groundwater sampling, the only other detection of lead (I  .8 pglL) in groundwater was reported 

for the sample collected from monitoring well NBCE596MD during the second quarter. Thallium 

was detected at concentrations of 6.7 pg/L and 7.0 pgIL in fourth quarter groundwater samples 

coHected from monitoring wells NBCE596003 and NBCE59604D, respectively. No other thallium 

detections were reported through four quarters of sampling. 
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Table 10.45.6.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
AOC 596 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E06) % Risk 
596 BOO1 Arsenic (As) a 
596 BOO1 B(a)P Equiv. ND UGIKG - NA NA 

Total 0.3520 20.1 124 

596 8002 Arsenic (As) 13.00 MGlKG 0.5942 100.00 33.9560 72.87 
596 8002 B(a)P Equiv. 763.24 UGlKG - NA 12.6395 27.1 3 

Total 0.5942 46.5955 

596 8003 Arsenic (As) 5.70 MGIKG 0.2605 100.00 14.8884 85.64 
596 BOO3 B(a)P Equiv. 150.73 UGlKG - NA 2.4961 14.36 

Total 0.2605 17.3845 

596 BOO4 Arsenic (As) 
596 BOO4 B(a)P Equiv. 

Total 

596 BOO5 Arsenic (As) 
596 BOO5 B(a)P Equiv. 

Total 

596 BOO6 Arsenic (As) 
596 BOO6 B(a)P Equiv. 

Total 

5.10 MGlKG 0.2331 100.00 13.3212 85.82 
132.92 UGlKG - N A 2.2012 14.18 

0.2331 15.5224 

6.90 MGIKG 0.31 54 100.00 18.0228 68.94 
490.26 UGlKG - NA 8.1189 31.06 

0.31 54 26.1417 

155.00 MGlKG 7.0847 100.00 404.8602 21.39 
89862.00 UGlKG 

7 
N A 1488.1428 78.61 

7.0847 1893.0030 

596 8007 Arsenic (As) 7.20 MGlKG 0.3291 100.00 18.8064 99.03 
596 8007 B(a)P Equiv. 11.1 1 UGlKG - NA 0.1840 0.97 

Total 0.3291 18.9904 

596 8009 Arsenic (As) 8.00 MGlKG 0.3657 100.00 20.8960 91.91 
596 BOO9 B(a)P Equiv. 11 1.09 UGIKG NA 1.8397 8.09 - 

Total 0.3657 22.7357 

596 801 0 Arsenic (As) 10.10 MGIKG 0.4616 100.00 26.3812 100.00 . . 

596 B010 B(a)P Equiv. 
Total 

ND UGlKG NA N A 
0.4616 26.3812 

596 BOl I Arsenic (As) 10.30 MGIKG 0.4708 100.00 26.9036 100.00 
596 B o l l  B(a)P Equiv. ND UGlKG N A N A - 

Total 0.4708 26.9036 

596 B012 Arsenic (As) 7.10 MGlKG 0.3245 100.00 18.5452 100.00 
596 8012 B(a)P Equiv. 

Total 
ND UGlKG - NA NA 

0.3245 18.5452 

596 801 3 Arsenic (As) 14.20 MGlKG 0.6491 100.00 37.0904 33.47 
596 8023 B(a)P Equiv. 4452.20 UGlKG N A 73.7298 66.53 

Total 0.6491 1 10.8202 



Table 10.45.6.3 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Industrial Scenario 
AOC 596 

NAVBASE-Charleston 
Charleston. South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-) % Risk 
596 BOO1 Arsenic (As) 7.70 MGIKG 0.01 77 100.00 2.8452 100.00 
596 BOO1 B(a)P Equlv. ND UGIKG - NA N A 

Total 0.0177 2.8452 

596 BOO2 Arsenic (As) 13.00 MGIKG 0.0299 100.00 4.8036 65.15 
596 8002 B(a)P Equiv. 763.24 UG/KG - N A 2.5699 34.85 

Total 0.0299 7.3735 

596 8003 Arsenic (As) 5.70 MGlKG 0.0131 100.00 2.1062 80.58 
596 BOO3 B(a)P Equiv. 150.73 UGIKG - NA 0.5075 19.42 

Total 0.0131 2.61 37 

BOO4 Arsenic (As) 
BOO4 B(a)P Equiv. 

Total 

BOO5 Arsen~c (As) 
BOOS B(a)P Equiv 

Total 

BOO6 Arsenic (As) . . 

8006 B(a)P Equiv. 
Total 

BOO7 Awen~c (As) 
6007 B(a)P Equ~v. 

Total 

BOO9 Arsenic (As) 
8009 B(a)P Equiv. 

Total 

BOA0 Arsen~c (As) 
6010 B(a)P Equiv 

Total 

5.10 MGIKG 0.0117 100.00 1.8845 80.81 
132.92 UGlKG - NA 0.4476 19.79 

0.01 17 2.3320 

6.90 MGIKG 0.0159 100.00 2.5496 60.70 
490.26 UGlKG - N A 1.6508 39.30 

0.0159 4.2004 

155.00 MGlKG 0.3564 100.00 57.2736 15.92 
89862.00 UGlKG - N A 302.5779 84.08 

0.3564 359.851 5 

7.20 MGlKG 0.0166 100.00 2.6605 98.61 
11 11 UGlKG - N A 0.0374 1.39 

0.0166 2.6979 

8.00 MGlKG 0.0184 100.00 2.9561 88.77 
111.09 UGlKG - NA 0.3741 11.23 

0.0184 3.3301 

10.10 MGIKG 0.0232 100.00 3.7320 100.00 
ND UGIKG N A NA 

0.0232 3.7320 

596 BOl I Arsenic (As) 10.30 MGlKG 0.0237 100.00 3.8059 100.00 
596 B o l l  B(a)P Equiv. ND UGIKG N A N A - 

Total 0.0237 3.8059 

596 El012 Arsenic (As) 7.10 MGlKG 0.0163 100.00 2.6235 100.00 
596 0012 B(a)P Equiv. ND UGIKG N A NA - 

Total 0.0163 2.6235 

596 8013 Arsenic (As) 14.20 MGIKG 0.0326 100.00 5.2470 25.93 
596 8013 B(a)P Equiv. 4452.20 UGIKG N A - 14.9912 74.07 

Total 0.0326 20.2382 
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Table 10.45.6.5 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
AOC 596 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
596 GO1 D Arsenic (As) 43.80 UGIL 977.1429 100.00 9.3333 100.00 

Total 977.1429 9.3333 

596 G04D Arsenic iAsl 
Total 

13.50 UGIL 301.1742 100.00 2.8767 100.00 
301 .I742 2.8767 

596 GO01 No COPCs ND UG/L NA -- NA 
Total NA NA 

596 GO02 No COPCs ND UGlL NA -- N A 
Total N A NA 

596 GO03 No COPCs ND UGlL NA -- NA 
Total NA NA 

596 GO04 No COPCs ND UGIL NA -- NA 
Total NA NA 
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10.45.7 Corrective Measures Considerations 

For AOC 596, the upper and lower soil intervals and the shallow and deep groundwater were 

investigated. Based on the analytical results and the FRE, COCs requiring further evaluation 

through the CMS process were identified for upper soil interval and deep groundwater. However, 

residential use of the site is not expected, based on current site uses and the nature of surrounding 

buildings. Current reuse plans call for continued commercial/industrial use. The site is mostly 

paved with asphalt. Five of 12 soil samples were collected from beneath the asphalt pavement and 

one was collected beneath concrete. 

Arsenic and BEQs were identified as COCs in the upper soil interval. The soil pathway residential 

arithmetic mean exposure risk is 2E-04 and the arithmetic mean HI is 0.9. Both are between 

USEPA's acceptable ranges of 1E-06 and 1E-04 for risk and 3 and 0.1 for HI. Arsenic was 

detected in a11 12 soil samples above its RGO and BEQs were detected above their RGOs in four 

soil samples. Residential risk-based remedial goals for surface soil set for arsenic and BEQs are 

0.38 and 0.06 based on a target risk of 1E-06. Potential corrective measures, in addition to no 

further action for soil and respective COCs, are presented in Table 10.45.7.1. 

Arsenic was identified in the deep groundwater at concentrations that equal a risk above 1E-06 

and/or an HI above 1. The RGO for arsenic in grountlwater is 0.000045 mg/L. Lead was 

detected above its TTAL of 15 wg/L (NBCE596002, 28.1 pg/L) during the second round of 

sampling and thallium was identified above its MCL in shallow and deep groundwater during the 

fourth quarterly sampling event. Potential corrective measures for the deep groundwater, in 

addition to no further action, are presented in Table 10.45.7.1. Corrective measures for AOC 596 

are detailed in Section 9. 
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Table 10.45.7.1 
Potential Corrective Measures for AOC 5% 

Potential Corrective Measures 

Soil Arsenic and BEQs a) No Action 
b) intrinsic Remedimtion and 

Monitoring 
c) C o ~ M n t  by Capping 
d) Excavation and Landfill, if 

RCRA-m-dous Waste 

Shallow Groundwater 

Deep Groundwater 

Arsenic and lead a) No Action 
b) Intrinsic Remediation and 

Monitoring 
c) Ex-situ, Chemical and Physical 

Treatment 

Arsenic and thalfium a) No Action 
b) fnainsic Remediation and 

Monitoring 
c) Ex-situ, Chemical and Physical 

Treatment 
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10.46 AOC 597, Substation, Building 91 

AOC 597 is an electrical substation located in Building 91. Built in 1942, it has served as a 

substation since construction. Two additional transformers are housed inside the building along 

with several high-voltage switches, breakers, and a battery bank which provides emergency power 

for the building. Several weatherproof metal enclosures which house two transformers are located 

adjacent to Building 91. 

This site has not been investigated previously, but minor leaks in a transformer were reported in 

1981 and 1982. A PCB audit conducted in 1985 found a moderate leak from the same 

transformer. The transformer was removed and disposed of in 1989. During the RFA, oil stains 

were visible in the building in the area of the transformer. 

Materials of concern identified in the Final Zone E RFI' Work Plan include dielectric fluid and 

leadlacid batteries. Potential receptors that may be exposed to site contaminants include current 

and future building users and any site workers this area may support following base closure. 

To fulfill the CSI objectives for AOC 597, soil, concrete core, and concrete surface wipe samples 

were collected in accordance with the Final Zone E RFI Work Plan and Section 3 of this report 

to determine whether any contamination resulted from onsite activities. 

10.46.1 Soil Sampling and Analysis 

Soil was sampled in one round at AOC 597 from the locations shown in Figure 10.46.1. The 

Final Zone E RFI Work Plan, proposed collecting four soil samples from the upper interval and 

four samples from the lower interval. All four proposed upper- and lower-interval samples were 

collected. 
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All samples were submitted for analysis at DQO Level 111 for pH, metals, and PCBs. One I 

upperinterval sample was selected for duplication and analyzed for Appendix IX analytical which 2 

includes the suite of parameters proposed for the site, plus herbicides, organophosphorus 3 

pesticides, hexavalent chromium, and dioxins at DQO Level IV. Table 10.46.1.1 summarizes soil 4 

sampling at AOC 597. 5 

Table 10.46.1.1 
AOC 597 

Soil Sampling Summary 

Samples Samples 
interval Proposed Collected Analyses Proposed Analyses Collected Deviations 

Upper 4 4 pH, metals, PCBs pH, metals, PCBs None 

Lower 4 4 pH, metals, PCBs pH, metals, PCBs None 

10.46.2 Nature of Contamination in Soil 6 

Organic compound analytical results for soil are surntrlarized in Table 10.46.2.1. Inorganic 7 

analytical results for soil are summarized in Table 10.46.2.2. Appendix H contains the complete 8 

data report for all samples collected in Zone E. 9 

Table 10.46.2.1 
AOC 597 

Organic Compounds Detected in Soil 

Number of 
Sample Freq. of Range of Mean of Industrial Samples 

Compound Interval Detection Detected Conc. Detected Conc. RBC Exceeding RBC 

PesticideslPCBs (,&kg) 

Aroclor-1248 Upper 314 63.0 - t ,600 648 740 1 

Lower 214 71.0-  140 106 N A N A 

Aroclor- 1254 Upper 114 1.600 1,600 740 1 

Aroclor-1260 Upper 3 14 190 - 340 241 740 0 

Lower 114 130 130 N A N A 



Drafr Zone E RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10: Site-Speciflc Evaluations 
November 1997 

Table 10.46.2.1 
AOC 597 

Organic Compounds Detected in Soil 

Number of 
Sample Freq. of Range of Mean of Industrial Samples 

C o m m d  Interval Detection Detected Conc. Detected Conc. RBC E x c e e d i  RBC 

Dioxins (nglkg) 

Dioxin Equiv. Upper l! 1 5.46 5.46 1 .m 0 

1234678-HpCDD Upper 111 93.3 93.3 N A N A 

1234678-HpCDF Upper 111 38.5 38.5 NA N A 

OCDD Upper 111 872 872 NA N A 

OCDF Upper 111 117 1 I7 N A N A 

2378-TCDF Upper 111 9.42 9.42 N A N A 

Notes: 
pgikg = Micrograms per kilogram 
nglkg = Nanograms per kilogram 
RBC = Risk-based concentration 
N A = No industrial RBC established 

Table 10.46.2.2 
AOC 597 

Inorganic Detections for Soil (mglkg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Reference Exceeding RBC 
Element Interval Detection Conc. Conc. RBC Conc. and RC 

Inorganic Elements (mglkg) 

Aluminum (Al) upper 414 1,600 - 4,150 2,900 100,000 26,600 0 

Lower 414 1,010 - 5,510 3,370 N A 41,100 N A 

Antimony (Sb) Upper 414 1.60 - 4.30 2.60 82.0 1.77 0 

Lower 3 14 0.560 - 4.70 1.99 N A 1.60 N A 
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Table 10.46.2.2 
AOC 5W 

Inorganic Detections for Soil (mglkg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Reference Exceeding RBC 
Element Interval Detection Conc. Conc, RBC Conc. and RC 

Inorganic Elements (rnglkg) 

Arsenic (As) Upper 4/4 0.640 - 49.3 22.0 3.80 23.9 2 

Lower 414 0.770 - 7.50 4.39 N A 19.9 N A 

Barium (Ba) Upper 414 6.30 - 41.1 29.1 14,000 130 0 

Lower 414 4.70 - 36.8 16.0 N A 94.1 N A 

Beryllium (Be) Upper 414 0.110-0.470 0.303 1.30 1.70 0 

Lower 214 0.280 - 0.490 0.385 N A 2.71 N A 

Cadmium (Cd) Upper 414 0.140 - 0.950 0.490 100 1.50 0 

Lower 3 14 0.160 - 0.200 0.177 N A 0.960 N A 

Calcium (Ca) Upper 414 652 - 7,470 4,540 NA N A N A 

Lower 414 663 - 12.100 5,100 NA NA N A 

Chromium (Cr) Upper 4 I4 4.50 - 22.1 16.5 1,m 94.6 0 

Lower 414 3.20 - 11.7 7.80 NA 75.2 N A 

Cobalt (Co) Upper 414 0.390 - 7.50 3.40 12,000 19.0 0 

Lower 314 0.380 - 1.90 1.19 N A 14.9 N A 

Copper (Cu) Upper 414 7.60 - 151 62.5 8,200 66.0 0 

Lower 414 9.50 - 16.5 12.9 N A 152 N A 

Iron (Fe) Upper 414 2,060 - 11,200 6,990 6 1,000 N A 0 

Lower 414 806 - 16,200 6,460 N A N A N A 

Lead (Pb) Upper 414 38.8 - 230 134 1.300 265 0 

Lower 414 17.5 - 39.3 26.9 N A 173 NA 

Magnesium (Mg) Upper 414 73.0 - 628 381 N A N A NA 

Lower 414 36.0 - 932 48 1 N A N A NA 
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Table 10.46.2.2 
AOC 597 

Inorganic Detections for Soil (mglkg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Reference Exceeding RBC 
Element interval Detection Conc. Conc. RBC Conc. and RC 

Inorganic Elements (mglkg) 

Manganese (Mn) Upper 414 6.90 - 64.9 45.5 4,700 302 0 

Lower 414 3.50 - 48.4 25.9 N A 88 1 N A 

Mercury (Hg) Upper 414 0.0200 - 1 .MI0 0.365 61 2.60 0 

Nickel (Ni) Upper 414 1.50 - 14.2 8.88 4,100 77.1 0 

Lower 414 0.850 - 4.80 3.11 N A 57.0 N A 

Potassium (K) Upper 114 5 93 593 N A N A NA 

Lower 214 942 - 1,030 986 NA N A N A 

Selenium (Se) Upper 214 0.780 0.780 1 ,m 1.70 0 

Lower 1 I4 0.850 0.850 NA 2.40 N A 

Sodium (Na) Upper 1 I4 148 148 N A NA N A 

Lower 1 14 387 387 N A N A N A 

Tin (Sn) Upper 414 3.10 - 13.8 8.80 100,000 59.4 0 

Lower 414 3.60 - 4.50 4.05 N A 9.23 N A 

Vanadium (V) Upper 414 3.30 - 17.5 11.6 1,400 94.3 0 

Lower 414 2.30 - 24.8 11.6 N A 155 N A 

Zinc (Zn) U P P ~ ~  414 56.3 - 499 247 61,000 827 0 

Lower 414 30.3 - 62.4 47.4 N A 886 N A 

p H  (SU) 

U P P ~  414 7.63 - 8.39 8.06 N A N A NA 

Lower 4/4 7.46 - 8.05 7.85 N A N A N A 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
RC = Reference concentration' 
N A = NO industrial RBC or RC established 
S U = Standard Units 



D.rafr Zone E RCRA Facility Investigation Report 
NA VBA SE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

Pesticides and PCBs in Soil 

No organophosphorus pesticides were detected in the duplicate soil sample submitted for 

laboratory analysis from AOC 597. 

Three PCBs were detected in soil samples collected at AOC 597. Eight detections occurred in the 

upper interval and three in the lower interval. Two PCBs - Aroclor-1248 and Aroclor-1254 - 

exceeded their respective industrial RBC in the upper interval. No SSL has been established for 

PCBs. 

Aroclor-1248 was detected in three of four upper-interval samples with a range of 63.0 to 

1,600 pglkg and a mean of 648 pglkg. One upper-interval sample (597SB0021,600 pglkg) 

exceeded the Aroclor-1248 industrial RBC of 740 pglkg. 

Aroclor-1254 was detected in one of four upper-interval samples at 1,600 pglkg. One sample 

(597SB002, 1,600 pglkg) exceeded the Aroclor-1254 industrial RBC of 740 pglkg . 

Other Organic Compounds in Soil 

Nine dioxins were detected in soil samples collected at AOC 597. Nine detections occurred in the 

upper interval; no lower-intervai samples were collected. No industrial RBCs have been 

established for the detected dioxins. 

In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated. The upper- 

interval TEQ was calculated for one sample at 5.46 ng/kg, below the industrial RBC of 

1,000 nglkg . 

Inorganic Elements in Soil 

Twenty-two metals were detected in soil samples collected at AOC 597. Eighty detections 

occurred in the upper interval and 70 occurred in the lower interval. One metal - arsenic - 

10.46-7 
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exceeded both its respective industrial RBC and background RC in the upper interval. No metal 

exceeded both its respective SSL and background RC in the lower interval. 

Arsenic was detected in four of four upper-interval samples with a range of 0.640 to 49.3 mglkg 

and a mean of 22.0 mglkg. Two upper-interval samples (597SB001, 26.2 mglkg; 597SB002, 

49.3 mglkg) exceeded both the arsenic industrial RBC of 3.8 mglkg and the background RC of 

23.9 mglkg . 

10.46.3 Wipe Sampling and Analysis 

Concrete surfaces were sampled at AOC 597 from the locations shown in Figure 10.46.2. The 

Final Zone E RFI Work Plan proposed the collection of three wipe samples at AOC 597. All three 

samples were collected and submitted for PCB analysis. Table 10.46.3.1 summarizes wipe 

sampling activity for AOC 597. 

Table 10.46.3.1 
AOC 597 

Wipe Sampling Summary 

Samples Samples Analyses Analyses 
Proposed Collected Proposed Performed Deviations 

3 3 PCB PCB No deviation from proposed strategy 

10.46.4 Nature of Contamination in Dust 12 

Table 10.46.4.1 summarizes the wipe sample analytical results for AOC 597. Sample locations 13 

were determined in the field and were biased in an attempt to identify worst case situations. 14 

Sample locations were selected in the field based on the location of PCB-containing equipment and 1s 

visual evidence of spills and leaks. 16 
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Table 10.46.4.1 
AOC 597 

Wipe Sampling Analytical Results 

Parameter Frequency Of Detection Range of Detections (pglwipe) 

PCB 2/3 2.7 - 2.8 

Note: 
ygiwipe = Micrograms per wipe sample 

PCBs Detected on Surfaces 

PCBs were detected in two of three surface wipe samples with a range of 2.7 to 2.8 pg\ 100 cm2. 

No residential or industrial RBCs exist for wipe samples. 

10.46.5 Concrete Core Sampling and Analysis 

The Final Zone E RFI Work Plan proposed collecting one concrete core sample at AOC 597 from 

the location shown in Figure 10.46.3. One concrete core sample was collected and submitted for 

analysis at DQO Level 111 for PCBs, metals, and pH. No samples were selected as duplicates at 

this site. Table 10.46.5.1 summarizes concrete core sampling and analysis at AOC 597. 

Table 10.46.5.1 
AOC 597 

Concrete Core Sampling Summary 

Samples Proposed Samples Collected Analyses Proposed Analyses Collected Deviation 

1 1 PCBs, metais, pH PCBs, metals, pH None 

10.46.6 Nature of Contamination in Concrete 

Inorganic analytical results for concrete are summarized in Table 10.46.6.1. Appendix H contains 

the complete data report for all samples collected in Zone E. 
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Table 10.46.6.1 
AOC 597 

Inorganics Detected in Concrete Samples 

Element Freq. of Detection Range of Detected Conc. Mean of Detected Conc. 

Aluminum (Al) 1/1 6,760 6,760 

Arsenic (As) 111 4.50 4.50 

Barium (Ba) 111 90.0 90.0 

Beryllium (Be) 111 0.540 0.540 

Cadmium (Cd) 

Calcium (Ca) 

Chromium (Cr) 

Cobalt (Co) 

111 

l i l  

I / 1 

11 1 

Copper (Cu) 111 156 156 

Iron (Fe) 111 6,030 6,030 

Lead (Pb) 111 27.7 27.7 

Magnesium (Mg) 111 2,240 2,240 

Manganese (Mn) 111 86.9 86.9 

Nickel (Ni) 111 8.30 8.30 

Potassium (K) 1 / 1 2,150 2,150 

Sodium (Na) 11 1 244 244 

Vanadium (V) 111 18.4 18.4 

Zinc (Zn) 1 i 1 275 275 

Notes: 
mgikg = Milligrams per kilogram 
SU = Standard Units 
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Pesticides and PCBs in Concrete 

No pesticides or PCBs were detected in concrete samples submitted for laboratory analysis at 

AOC 597. 

Inorganic Elements in Concrete 

Eighteen inorganics were detected in the concrete sample at AOC 597. No industrial RBCs exist 

for parameters detected in concrete samples. 

pH in Concrete 

The pH of the AOC 597 concrete sample was 12.2 SU. No industrial RBC has been established 

for pH. 

10.46.7 Fate and Transport Assessment for AOC 597 

AOC 597 is an electrical substation located in Building 91, next to the quaywall. Building 91 is 

surrounded by asphalt and concrete pavement, with the exception of two small grassy strips along 

the northwest and southeast sides of the building. Environmental samples included as part of the 

AOC 597 RFI include surface soil, subsurface soil, concrete, and wipe samples. The potentiaI 

constituent migration pathway investigated for AOC 597 is soil to groundwater to surface water. 

The emission of volatiles from surface soil to air pathway was not assessed since no VOCs were 

detected in surface soil samples. 

10.46.7.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.46.7.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. For inorganics, maximum concentrations in soil are compared to the greater of (a) 

risk-based soil screening levels, or (b) background reference concentrations. To provide a 
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conservative screen, generic soil screening levels are used; leachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

Two organic compounds - Aroclor-1248 and Aroclor-1254 - were detected in AOC 597 surface 

soil at concentrations exceeding generic groundwater protection SSLs. Aroclor-1248 was detected 

above its SSL in one surface soil sample (597SB00201) and Aroclor-1254 was detected at a 

concentration exceeding its SSL in a duplicate sample from the same surface soil location. 

Two inorganics - antimony and arsenic - were detected in AOC 597 soil at concentrations 

exceeding generic groundwater protection SSLs andlor background reference values. Antimony 

was detected at a concentration exceeding its generic groundwater protection SSL in one surface 

soil sample and one subsurface soil sample from the same soil boring (597SB004). Arsenic was 

detected at a concentration exceeding its background reference value in two surface soil samples 

(597SB001 and 597SB002). 

10.46.7.2 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.46.7.2 provides a second screening tier for all constituents detected in soil at 

concentrations exceeding any of the first-tier screening levels. Constituent concentrations in soil 

are compared to calculated SSLs that are based on the adjusted RBCs rather than the original target 

leachate concentrations. For the second-tier screen, no dilution of leachate by groundwater or 

attenuation of constituents in soil is assumed (DAF= 1). The second screening tier identifies any 

constituents in soil that pose a threat to surface water quality, after allowing for dilution of 

groundwater by surface water when the groundwater discharges into the river. The site-specific 

surface-water dilution factor calculated for AOC 597 is :205,000: 1 (see TabIe 6.2.1). 
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None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil pose no threat to human health or the 

environment in the Cooper River. 

10.46.7.3 Fate and Transport Summary 

Aroclor-1248 and Aroclor-1254 were detected in one surface soil sample from AOC 597 at 

concentrations exceeding first-tier screening criteria. Antimony was detected at a concentration 

exceeding its generic groundwater protection SSL in one surface soil sample and one subsurface 

sample from the same soil boring. Arsenic was detected at a concentration that exceeded its 

background reference value in two surface soil samples. 

No constituent exceeding first-tier screening values also exceeded the adjusted screening values 

of the second-tier comparisons, indicating no threat to surface water in the Cooper River via the 

evaluated migration pathway. 



Table 10.46.7.1 
Chemicals Daeotcd in Surface Soil md Subsurface Soil 
Comparison to S S k  Tap Water RBCs. Salt Water Surface Water Chronic Screening Levels, and Background Concentrations: Tier One 
NAVBASE-Charlaton, Zone E: AOC 597 
Charl- South Camlina 

* Screening Cmcentrations: 
Soil to OW - Generic SSLs based on DAF = 10, adapted from 19% EPA Soil Screening Guidance or calculaied using values from Table 6.2 
Tap Water RBC - From &PA Region I11 Risk-Based Concentration Table. June 3, 1996 

Parameter 

PesticidedPCB Campounda 
Arffilor-1248 
h l ~ - 1 2 5 4  
Aroolor-1260 

Dio~in Compounds 
Dioxin (TCDD TEQ) 

Inorganic Compounds 
Numinum 
Antimony 
M c  
Barium 
'Beryllium 
Cadmium 
Chromium (total) 
Cobalt 

copper 
Lead 
Manganese 
Mercury 
Nickel 
Seb?nium 
Tin 
Vanadium 
Zinc 

Salt Water Surface Water Chronic - From EPA Supplemmbl Guidance to RAGS: Region 4 Bulletins, Ecological Risk Assessment, November, 1995; Table 2 
In each csie, the value shown is the p a t e r  of the relevant screening value or the corresponding background reference value 

Unih: See notes for Table 10.1.5.1 

Max. Conccnlraiion 

Surface Subsurface 
Soil Soil 

1600 140 
1600 ND 
340 130 

5.46 NA 

4150 5510 
4.3 4.7 

49.3 7.5 
41.1 36.8 
0.47 0.49 
0.95 0.2 
22.1 11.7 

7.5 1.9 
151 16.5 
230 39.3 

64.9 48.4 
1 1.2 

14.2 4.8 
0.78 0.85 
13.8 4.5 
17.5 24.8 
499 62.4 

Max. Concentration 

Shallow Deep 
GW OW 

N A NA 
N A NA 
N A NA 

NA NA 

NA NA 
N A N A 
N A NA 
N A N A 
NA N A 
NA N A 
NA NA 
N A NA 
N A NA 
NA NA 
N A N A 
NA N A 
NA NA 
NA N A 
NA NA 
NA NA 
NA NA 

Screening Concentration * 
Soil to Salt Wtr. 

GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

1000 0.0087 0.03 
1000 0.0087 0.03 
1000 0.0087 0.03 

950 0.43 10 

Soil Water 
Units Units 

umc uan 
umc urn 
U ~ G  urn 

NGKG POR 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern Conccm 

YES NO NO 
YES NO NO 
NO NO NO 

NO NO NO 

41100 37000 NA 
2.5 I5 NA 

23.9 18.7 36 
820 2600 NA 

32 1.2 NA 
4 18 9.3 

94.6 37000 103 
19 2200 NA 

152 1500 2.9 
400 15 8.5 
881 2560 NA 
2.6 I 1 0.2 

77.1 730 42.2 
2.5 180 71 

59.4 22000 NA 
3000 260 NA 
6000 11000 86 

MGUG UGR 

M ~ G  

MWKG UGR. 

~orr to  urn 
MMG UGR 

MGIKC UGR 

M ~ G  urn 
MGMG u rn  
M ~ M G  uon 
MGNG UWL 

MMG UGL 

M G M  UGR 

MWKG ucir 
MOlKG UGR 

v m o  ucn 
M ~ G  UGL 

MCKG UGL 

NO NO NO 
YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
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10.46.8 Fixed-Point Risk Evaluation for AOC 597 

10.46.8.1 Site Background and Investigative Approach 

AOC 597 is an electrical substation located in Building 91. This site is located in a highly 

industrialized portion of Zone E, and as a result, the risk assessment is presented as a FRE 

following the framework presented in Section 7.3. 

All four surface soil samples collected during the AOC 597 CSI were considered in the FRE. 

Groundwater investigation was not part of the CSI sampling activities for this site. 

Section 10.46.1 contains a summary of the soil sampling; effort for AOC 597. 

10.46.8.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.46.8.1 provides CPSS summaries for AOC 597 surface soil and identifies COPCs based 

on comparison to residential and industrial RBCs, and background RCs. Based on residential 

RBCs, Aroclor- 1248, Aroclor-1254, Aroclor-1260, antimony, and arsenic were identified as 

COPCs for AOC 597. Beryllium was detected in AOC 597 surface soil at concentrations above 

its RBC, but was eliminated from consideration in the residential FRE based on comparison to its 

background concentration. Wilcoxon rank sum test analyses did not result in the inclusion of any 

parameter that had been screened out based on background concentration. 

Table 10.46.8.2 summarizes the residential COPCs detected at each AOC 597 sample location 

with contribution to risk and hazard. As shown, Aroclor-1248, Aroclor-1254, Aroclor-1260, and 

arsenic contribute to risk estimates for AOC 597 surface soil, exceeding 1E-06 at all four sample 

locations. Figure 10.46.4 is a spatial presentation of residential risk estimates for AOC 597 

surface soil. Risk estimates ranged from 3E-06 to 1E-04, with an arithmetic mean risk of 6E-05. 
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Antimony, Aroclor- 1254, and arsenic contributed to HI estimates, which exceeded unity at two 

of four sample locations (597SB001 and 597SB002). Figure 10.46.5 is a spatial presentation of 

residential hazard estimates for AOC 597 surface soil. Hazard estimates ranged from 0.2 to 4, 

with an arithmetic mean hazard of 1.4. 

Industrial Scenario 

Based on industrial RBCs, Aroclor-1248, Aroclor-1254., and arsenic were identified as COPCs 

for AOC 597 surface soil. 

Table 10.46.8.3 summarizes industrial COPCs detected at each AOC 597 sample location with 

contribution to risk and hazard. Aroclor- 1248, Aroclor-1254, and arsenic contributed to 

industrial risk estimates for AOC 597 surface soil in three of four samples (597SB001, 597SB002, 

and 597SB003). Figure 10.46.6 is a spatial presentation of industrial risk estimates for AOC 597 

surface soil. Risk estimates ranged from 3E-07 to 2E-05, with an arithmetic mean risk of 9E-06. 

HI estimates did not exceed unity at any sample locations, and ranged from 0.002 to 0.2. 

10.46.8.3 Uncertainty 

AOC 597 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 
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Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil andior a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to currentifuture site workers and future site residents. 

Quantification of RiskIHazard 

Soil 

A conservative screening process was used to identify COPCs for AOC 597. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens the RBCs are based on a conservative target rrsk of lE-06. Use of conservative RBCs 

in combination with the use of maximum detected concentrations for comparison minimizes the 

likelihood of a significant contribution to risklhazard based on eliminated CPSSs. Of the CPSSs 

screened and eliminated from formal assessment based on comparison to RBCs, none was reported 

at a concentration close to its RBC (e.g. within 10% of its RBCs). 

Beryllium was reported in AOC 597 soil at concentrations above its RBC benchmark, but was 20 

eliminated from consideration in the FRE based on comparison to its corresponding background 21 

concentration. As a result, its contribution to risklhazard has not been considered in this FRE. 22 
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10.46.8.4 FRE Summary 

The risk and hazard posed by contaminants at AOC 597 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. Risk and HI estimates are presented on 

Table 10.46.8.2 and 10.46.8.3, such that risk (E-06) or HI that exceeds one for any COPC at any 

given sample location is an indication that the concentration of that COPC exceeds its RGO 

(calculated at a target hazard quotient of 1). Section 7, Tables 7.3.1 and 7.3.2 provide residential 

and industrial RGOs, respectively, for all of the COPCs identified for Zone E. 

Soil - Residential Scenario 

Aroclor- 1248, Aroclor- 1254, Aroclor- 1260, and arsenic were detected in AOC 597 surface soil 

at concentrations above their residential risk-based RGOs in all four samples. The calculated mean 

risk estimate was 6E-05, which exceeds the 1E-06 SCDHEC risk level of concern, but is within 

USEPA's 1E-06 to 1E-04 acceptable risk range. 

Antimony, Aroclor-1254 and arsenic were detected in AOC 590 surface soil at concentrations 

above their residential hazard-based RGOs in two of four surface soil samples. The calculated 

mean hazard estimate was 1.4, which exceeds USEPA's acceptable limit of unity. 

Soil - Site Worker Scenario 

Aroclor-1248, Aroclor-1254, and arsenic were detected in AOC 590 surface soil at concentrations 

above their industrial risk-based RGOs in three of four samples. The calculated mean risk 

estimate was 9E-06, which exceeds the 1E-06 SCDHEC risk level of concern, but is within 

USEPA's 1E-06 to 1E-04 acceptable risk range. 

Aroclor-1254 and arsenic were detected in AOC 590 surface soil at concentrations above their 

corresponding RBC benchmarks, but their associated HI did not exceed unity at any of the four 

sample locations. 
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Table 10.46.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
AOC 597 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard index % HI Risk (E-06) Oh Risk 
597 6001 Antimony (Sb) 2.30 MGlKG 0.0788 6.18 NA . .  . 

597 8001 Aroclor-1248 280.00 UGIKG NA 1.2704 1.78 
597 BOO1 Aroclor-1254 ND UGIKG NA NA 
597 8001 Aroctor-1260 340.00 UGIKG NA 1.5426 2.17 
597 BOOl Arsenic (As) 

Total 
26.20 MGIKG - 1 . I  975 93.82 68.4344 96.05 

1.2764 71.2474 

597 8002 Antimony (Sb) 2.20 MGIKG 0.0754 2.07 NA 
597 8002 Aroclor-1248 1600.00 UGIKG NA 7.2593 5.04 
597 BOO2 Aroclor-I 254 1600.00 UGIKG 1.3195 36.17 7.2593 5.04 
597 6002 Aroclor-I 260 193.00 UGIKG NA 0.8757 0.61 
597 BOO2 Arsenic (As) 49.30 MGIKG - 2.2534 61.77 128.7716 89.32 

Total 3.6483 144.1659 

597 8003 Antimony (Sb) 1.60 MGIKG 0.0548 9.23 N A 
597 BOO3 Aroclor-1248 ND UGIKG N A N A 
597 6003 Aroctor-1254 ND UGIKG NA NA 
597 8003 Aroclor-I 260 ND UGIKG NA NA 
597 8003 Arsenic (As) 11.80 MGIKG 0.5394 90.77 30.8216 100.00 

Total 0.5942 30.8216 

597 8004 Antimony (Sb) 4.30 MGIKG 0.1474 83.44 NA 
597 8004 Aroclor-I 248 63.00 UGIKG NA 0.2858 10.14 
597 8004 Aroclor-1254 ND UGIKG NA NA 
597 8004 Aroclor-1260 190.00 UGIKG NA 0.8620 30.57 
597 8004 Arsenic (As) 0.64 MGIKG - 0.0293 16.56 1.6717 59.29 

Total 0.1767 2.8196 



Table 10.46.8.3 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Industrial Scenario 
AOC 597 

NAVBASE-Charleston 
Charleston, South Carolina 

597 BOO1 Aroclor-1248 280.00 UGIKG NA 0.2583 2.60 
597 BOO1 Aroclor-1254 ND UGlKG NA NA 
597 BOO1 Arsenic (As) 26.20 MGlKG 0.0602 100.00 9.6811 97.40 - 

Total 0.0602 9.9394 

597 8002 Aroclor-I248 1600.00 UGIKG NA 1.4760 6.97 
597 8002 Aroclor-1254 1600.00 UGIKG 0.1 033 47.69 1.4760 6.97 
597 BOO2 Arsenic (As) 49.30 MGIKG - 0.1 134 52.31 18.2167 86.05 

Total 0.21 67 21 .A687 

597 8003 Aroclor-1248 ND UGIKG NA NA 
597 8003 Aroclor-1254 ND UGIKG N A NA 
597 BOO3 Arsenic (As) 11.80 MGIKG - 0.0271 100.00 4.3602 100.00 

Total 0.0271 4.3602 

597 8004 Aroclor-1248 63.00 UGIKG NA 0.0581 19.73 
597 6004 Aroclor-1254 ND UGlKG NA N A 
597 8004 Arsenic (As) 0.64 MGIKG 0.001 5 100.00 0.2365 80.27 

Total 0.001 5 0.2946 
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10.46.9 Corrective Measures Considerations 

For AOC 597, the upper and lower soil intervals and a concrete core were investigated. Based 

on the analytical results and the FRE, COCs requiring further evaluation through the CMS process 

were identified for upper soil interval. However, residential use of the site is not expected, based 

on current site uses and the nature of surrounding buildings. Current reuse plans call for 

continued commercial/industrial use. One of four soil samples was collected from beneath the 

asphalt pavement. 

Antimony, arsenic, and Aroclors 1248, 1254, and 1260 were identified as COCs in the upper soil 

interval, The soil pathway residential arithmetic mean exposure risk is 6E-05 and the arithmetic 

mean HI is 1.4. Both are between USEPA's acceptable ranges of 1E-06 and 1E-04 for risk and 

ranges of 3 and 0.1 for HI. Arsenic and Aroclors 1248, 1254, and 1260, were detected in all four 

soil samples above their risk-based RGOs and antimony was detected in two of four soil samples 

above its hazard-based RGO. Residential risk-based remedial goals for surface soil set for 

Aroclors 1248, 1254, and 1260 and arsenic are 0.22,0.22,0.22, and 0.38 mglkg based on a target 

risk of 1E-06. The hazard-based remedial goal for antimony is 29 mglkg for a target HI of 1. 

Potential corrective measures, in addition to no further action for soil and respective COCs, are 

presented in Table 10.46.9.1. Corrective measures for AOC 597 are detailed in Section 9. 

Table 10.46.9.1 
Potential Corrective Measures for AOC 597 

Medium Compounds Potential Corrective Measures 

Soil Antimony, arsenic, and Araelors a) No Action 
1248, 1254, and 1260 b) htrimic Remediation and 

Modtoring 
C) Containment by Capping 
d) Excavation and if 

RCRA--daus Waste 
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10.47 AOC 598, Sonar Dome Area, End of Pier J; and AOC 599, Pump House, Pier J 

AOC 598 is a sonar dome repair area adjacent to Pier J. It consists of a temporary metal building 

on the asphalt pavement at Pier J .  The site is used for repair work, both inside and outside of the 

building. The area is used to clean and repaint sonar domes and to remove adhesives. Some 

sanding and media blasting operations are also conducted here. Several storm drains are located 

in the vicinity. AOC 599 is a pump house on Pier J. The pump house was damaged by 

Hurricane Hugo in 1989 and since that time, rainwater has collected in the below-grade structure. 

The pump house was formerly a transfer station for diesel fuel. 

These sites have not been investigated previously, but releases noted during the RFA include 

overspray of paint on the pavement, blasting media in the asphalt cracks, and waste material in 

open drains in the area. 

Materials of concern at AOC 598, identified in the Final Zone E RFI Work Plan include paints, 

solvents, adhesives, and blasting grit. At AOC 599 the materials of concern are petroleum 

hydrocarbons. Potential receptors that may be exposed to site contaminants include current and 

future building users and any site workers this area may support following base closure. 

To fulfill the RFI objectives for AOC 598, and the CSI objectives for AOC 599, soil, sediment 

and groundwater were sampled in accordance with the Final Zone E RFI Work Plan and Section 3 

of this report to determine whether any contamination resulted from onsite activities. 

10.47.1 Soil Sampling and Analysis 

Soil was sampled in two rounds at AOCs 598 and 599 from the locations shown in Figure 10.47.1. 

The Final Zone E RFI Work Plan, proposed collecting seven soil samples from the upper interval 

and seven samples from the lower interval. Soil samples were also collected at both intervals from 

the two shallow monitoring well locations proposed at this site. 



Q - CORE SAMPLES 
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First-round Sampling - During the first round of sampling, all nine proposed upper-interval 

samples and seven of the nine proposed lower-interval samples were collected. Two lower- 

interval samples at AOC 599 were not collected due to subsurface obstructions such as wood or 

rocks. 

First-round samples were submitted for analysis at DQO Level III for the standard suite of 

parameters. Two lower-interval samples selected as duplicates were analyzed at DQO Level IV 

for Appendix IX analytical parameters, which includes the suite of parameters proposed for the 

site, plus a more comprehensive list of VOCs and SVOCs as well as herbicides, hexavalent 

chromium, organophosphorus pesticides, and dioxins. Table 10.47.1.1 s m a r k e s  the first round 

of soil sampling at AOCs 598 and 599. 

Table 10.47.1.1 
AOCs 598 and 599 

First Round Soil Sampling Summary 

Samples Samples 

upper 9 9 Standard Suite' Standard Suite' None 

Lower 9 7 Standard Suitea Standard Suite' Two samples 
were not taken 
due to subsurface 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, and pesticides/PCBs 

Second-round Sampling - Second-round sampling was performed at AOCs 598 and 599 after 

first-round analytical results were compared to the USEPA Region 111 RBCs (April 1996). 

Parameters exceeding RBCs included SVOCs and metals. Section 10.47.2 details specific 

parameters and locations which exceeded RBCs. 
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The second round included four upper and four lower-interval samples to determine the extent of 1 

constituents detected during first-round sampling. All four proposed upper-interval samples and 2 

three of four proposed lower-interval samples were collected. One lower-interval sample could 3 

not be collected due to subsurface obstructions such as wood or rocks. 4 

All second-round samples at AOCs 598 and 599 were submitted for analysis of SVOCs 5 

and metals. No duplicate samples were collected during the second round of sampling. 6 

Table 10.47.1.2 summarizes the second round of soil sampling at AOCs 598 and 599. 7 

Table 10.47.1.2 
AOCs 598 and 599 

Second Round Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Proposed Collected Collected Deviations 

U P W ~  4 4 SVOCs, metals SVOCs, metals None 

Lower 4 3 SVOCs, m e d s  SVOCs, metals One sample was not taken 
due to subsurface 
obstructions 

10.47.2 Nature of Contamination in Soil a 

Organic compound analytical results for soil are summarized in Table 10.47.2.1. Inorganic 9 

analytical results for soil are summarized in Table 10.47.2.2. Appendix H contains the complete 10 

data report for all samples collected in Zone E. 11 
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Table 10.47.2.1 
AOCs 598 and 599 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detecied Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

Acetone upper 319 29.0 - 60.0 46.3 20,txlo,000 0 

Lower 617 26.0 - 78.0 45.5 N A N A 

Methylene chloride Upper 119 4.00 4.00 760,000 0 

Toluene Lower 2.00 2.00 NA NA 

Lower 8/10 52.0 - 1,800 855 NA NA 

Acenaphthylene Upper 4/13 43.0 - 140 93.8 8,200,000 0 

Lower 2/10 45.0 - 110 77.5 N A N A 

Lower 7/10 73.0 - 1,300 488 NA NA 

Lower 9/10 110 - 850 324 N A NA 

Benzoic acid U P P ~  5/13 120 - 250 1 62 100,000,000 0 

Lower 4/10 I00 - 319 203 N A NA 

4-Bromophenyl-phenylether Upper 1/13 99.0 99.0 12,000,000 0 

Carbazole 

2-ChlorophenoI 

Lower 112 98.0 

Lower 1lIO 77.0 

Lower 5/10 96.0 - 810 415 N A N A 

Di-n-butylphthalate Upper 1/13 190 190 20,000,000 0 

Lower 2/10 95.0 - 130 113 MA NA 
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Table 10.47.2.1 
AOCs 59% and 599 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

Di-n-octyl phthalate Upper 1/13 85.0 85.0 4,100,oOO 0 

Fluorantbene UPP 12/13 240 - 44,000 5,460 8,200,000 0 

Lower 10/10 120 - 7,600 2,140 NA NA 

Fluorene Upper 8113 46.0 - 9.000 I ,  670 8,200,000 0 

Lower 7/10 43.0 - 1,700 630 N A NA 

Lower 4/20 70.0 - 2,100 658 NA N A 

Naphthalene Upper 7/13 44.0 - 3,200 1,050 8,200.000 0 

Lower 3/10 38.0 - 180 106 N A N A 

N-Niuosodiphenylamine UPF~ 1/53 240 240 1 ,200,000 0 

Pentachlorophenol Lower 1110 110 110 N A NA 

Phemnthrene U P P ~ ~  12113 f 30 - 48,000 5,880 ~,200,000 0 

Lower 10110 110 - 3,800 1,040 NA NA 

Pyrene Upper 13/13 160 - 29,000 4,700 6,100,000 0 

Lower 10110 99.0 - 5.600 1.750 NA N A 

SVOCs @(alp Muivdents) Wkg) 

Lower 10110 55.0 - 2,100 668 NA N A 

Benzo@)fluoranihene Upper 12/13 93.0 - 17,000 1,890 7.800 1 
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Table 10.47.2.1 
AOCs 598 and 599 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Ntected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

Lower 9/10 69.0 - 1,300 469 N A  NA 

Benzo(a)py rene Upper 12/13 89.0 - 17,000 2,170 780 3 

Lower 10/10 95.0 - 1,800 501 N A NA 

Chrysene UPW 12/13 160 - 20,000 3,160 789,000 0 

Lower lot10 66.0 - 1,700 790 NA NA 

Lower 7/10 43.0 - 570 202 NA N A 

Indenotl.2.3-cd)pyrene Upper f 2/13 110 - 7,009 986 7,800 0 

Lower 10110 49.0 - 820 25 1 N A  NA 

PesticidesIPCBs 0rgllcg.l 

Endosulfan I1 Upper 119 10.9 10+9 1,2oQ.000 0 

Endrin aldehyde Upper 119 13.8 13.8 61,000 0 

Heptachlor epoxide Upper 119 6.20 6.20 630 0 

Methoxychlor Upper 219 24.1 - 24.9 24.5 1 , ~ , o o o  0 
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Table 10.47.2.1 
AOCs 598 and 599 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

Dioxin (ngkg) 

Dioxin Equiv. h w e r  2M 0.0534 - 0.0646 0.0590 NA NA 

1234678-HpCDD Lower 212 2.51 - 3.08 2.80 N A N A 

OCDD Lower 212 22.6 - 39.5 31.1 NA NA 

Notes: 
pglkg = Micrograms per kilogram 
nglkg = Nanograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 

Table 10.47.2.2 
AOCs 59% m d  599 

Inorganic Detections for Soil (mg/kg) 

Range of Mean of 
Number of 
Snm* 

Sample Fnq. of Det&ed Detected Industrial Reference E* 
Element Interval Detection Cone. Conc. RBC Conc. RBC and RC 

Aluminum IAl) U P P ~  13/13 20,20 - 10,700 5,910 100.000 26,600 0 

Lower 10110 2,809 - 8,550 6,380 N A 41,100 N A 

Antimony (Sb) U F P ~ ~  11/13 0.470 - 4.90 1.39 82.0 1.77 0 

Lower 10110 0.710 - 1.40 0.954 N A 1.60 N A 

Arseruc (As) Upper 13/13 3.90- 13.5 8 -92 3.80 23.9 f 3 

Lower IW10 4-10 - 21.6 10 7 N A 19.9 NA 

Barium (Ba) Upper 13/13 15.8 - 104 42.3 14,000 130 0 

Lower lot10 11.3 - 137 44.01 N A 94.1 N A 

Beryllium me) upper 13/13 0 .20  - 0.780 0.422 1.30 1.70 0 

Lower 10110 0.280 - 0.600 0.449 NA 2.71 N A 

Cadmium (Cd) Upper lot13 0.220 - 0.810 0.470 100 1.50 0 

Lower 9/10 0.160 - 1.80 0.619 N A 0.960 N A 
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Table 10.47.2.2 
AOCs 598 and 599 

Inorganic Dctectiom for Soil (mglkg) 

Number of 
Rnnge of Mean of -P~S 

Sample Frq .o f  Detecttd Detected Industrial Reference E x c w h g  
Element Lntervol Ddsctian Conc. Conc. RBC Conc. RBCandRC 

Cdcwm {Ca) U W ~  1313 4.920 - 108,000 31,300 NA N A NA 

Lower 10110 14,400 - 179,000 67,600 NA N A NA 

Chromium (Cr) Upper 13/13 8.60 - 26.1 17.1 1 ,000 94.6 0 

Lower 10110 11.2 - 37.1 23.l NA 75.2 NA 

Cobalt (Co) Upptr 13/13 1.20 - 3.30 2.10 12,000 t9.0 0 

Lower 1W10 0.980 - 4.20 1-46 N A 14.9 N A 

Lower 10/10 9.40 - 97.1 37.6 N A 152 N A 

Cyanide (CN) Upper 119 0.450 0.450 4.1M) 0.500 0 

Iron (Fe) Upper 13/13 5.320 - 13,000 9,610 61,000 N A 0 

Lower lO/lO 6.280 - 24.100 11,8(X) N A N A N A 

Lead (Pb) U p ~ e r  13/13 27.5 - 1,810 2%4 1 ,m 263 1 

Lower 10110 8.40 - 1.680 306. N A 173 NA 

Magnesium (Mg) Upper 13/13 404 - 2,930 1,470 N A N A NA 

Lower 10110 1,140 - 5.870 2,650 N A N A N A 

Lower lOtl0 67.5 - 171 110 N A 881 N A 

Mercury (Hg) Upper 13/13 0.0300 - 0.590 0.166 6 1 2.60 0 

Lower 8/10 0.0400 - 0.530 0.150 N A 1.59 N A 

Nickel ( N i )  upper 13/13 3.90 - 13.7 8.61: 4,109 77.1 0 

Lower 10110 6.80 - 16.8 10.9 NA 57.0 NA 

Potassium (K) Upper 13/13 428 - 1,540 982 N A N A N A 

Lower 10110 384 - 1,710 1,190 N A N A N A 

Selenium (Se) upper 411 3 0.510 - 0.980 0.613 1,oOO 1.70 0 
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Table 10.47.2.2 
AOCs 598 and 599 

inorganic Detections for Soil 

Number of 
Range of Meau of Samples 

Sample Freq. of Detected Detected Industrial Reference Exceeding 
Element Interval Detection Conc. Conc. RBC Conc. RBC and RC 

Sodium (Na) Upper 13/13 254 - 932 464 N A N A N A 

Lower 10/10 263 - 1.120 686 N A N A N A 

Tin (Sn) Upper 11/13 2.50 - 12.3 5.49 100.OM3 59.4 0 

Lower 8/10 2.80 - 18.1 6.83 N A 9.23 N A 

VaMdium (V) Uwr 13/13 8.80 - 30.2 19.0 1 ,so0 94.3 0 

Lower 101 10 15.5 - 30.4 22.6 N A 155 N A 

Zinc (Zn) Upper 13/13 36.0 - 354 172 61.000 827 0 

Lower 10/10 58.2 - 80.5 280 N A 886 N A 

Notes: 
mglkg = Milligrams pcr kdogram 
RBC = Risk-based concentration 
RC = Reference concentration 
NA = No industrial RBC or RC established 

Volatile Organic Compounds in Soil 

Three VOCs were detected in soil samples collected at AOCs 598 and 599. Four detections 

occurred in the upper interval and seven in the lower interval. No VOC exceeded its respective 

industrial RBC in the upper interval or respective SSL in the lower interval. 

Semivolatile Organic Compounds in Soil 

Twenty-eight SVOCs were detected in soil samples collected at AOCs 598 and 599. One hundred 

and ninety-one detections occurred in the upper interval and 149 in the lower interval. Four 

SVOCs - benzo(a)anthracene, benzo(b)fluoranthene, dibenz(a,h)anthracene, and benzo(a)pyrene 

- exceeded their respective RBC in the upper interval. Additionally, two SVOCs - 
benzo(a)anthracene and chrysene - exceeded their respective SSL in the lower interval. 
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Benzo(a)anthracene was detected in 12 of 13 upper-interval samples with a range of 130 to 

19,000 pglkg and a mean of 2,650 pglkg. Two upper-interval samples (598SB002,9,200 pgkg; 

and 599SB007, 19,000 pglkg) exceeded the benzo(a)anthracene industrial FU3C of 7,800 pglkg. 

Benzo(a)anthracene was detected in 10 of 10 lower-interval samples with a range of 55 of 

2,100 pglkg and a mean of 668 pglkg. Three lower-interval samples (598SB002, 2,100 pglkg; 

598SB003, 720 pglkg; 598SB005, 1,500 pglkg) exceeded the benzo(a)anthracene SSL of 

700 pglkg. 

Benzo(b)fluoranthene was detected in 12 of 13 upper-interval samples with a range of 93.0 to 

17,000 pglkg and a mean of 1,890 pglkg. One upper-interval sample (599SB007, 17,000 pglkg) 

exceeded the benzo(b)fluoranthene industrial RBC of 7,800 pglkg. 

Benzo(a)pyrene was detected in 12 of 13 upper-interval samples with a range of 89.0 to 

17,000 pglkg and a mean of 2,170 pglkg . Three upper-interval samples (598SB002,4,900 pglkg; 

598SB006,900 pglkg; and 599SB007, 17,000 pglkg) exceeded the benzo(a)pyrene industrial RBC 

of 780 pglkg. 

In accordance with recent CPAH guidance, BEQs were calculated for cPAHs at AOCs 598 and 

599. The upper-interval BEQ was calculated for 13 samples with a range of 20.3 to 24,920 pglkg 

and a mean of 2,980 wglkg. Four samples (598SB002, 7,095 pglkg; 598SB006, 1,395 pgtkg; 

599SB003,1,017 pglkg ; and 599SB007, 24,920 pglkg) exceeded the BEQ industrial RBC of 

780.0 pglkg. 

Chrysene was detected in 10 of 10 lower-interval samples with a range of 66 of 1,700 pg/kg and 

a mean of 790 pglkg. Two lower-interval samples (598SB002, 1,700 pglkg; 598SB003, 

1,100 pglkg; and 598SB005, 1,700 pglkg) exceeded the chrysene SSL of 1,000 pglkg. 
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Dibenz(a,h)antht-acene was detected in 10 of 13 upper-interval samples with a range of 78.0 to 

3,600 pglkg and a mean of 588 pglkg. Two upper-interval samples (598SB002, 1,000 pg/kg; 

599SB007, 3,600 pg/kg) exceeded the dibenz(a,h)anthracene industrial RBC of 780 pglkg. 

Pesticides in Soil 

Twelve pesticides were detected in soil samples collected at AOCs 598 and 599. Fourteen 

detections occurred in the upper interval and one in the lower interval. No pesticides were 

detected above their respective industrial RBC in the upper interval or respective SSL in the lower 

interval. 
! 

Other Organic Compounds in Soil 

Two dioxins were detected in the two duplicate soil samples collected at AOCs 598 and 599. Four 

detections occurred in the lower interval; no upper- interval soil samples were analyzed for 

dioxins. No SSLs have been established for the detected dioxins. 

Inorganic Elements in Soil 

Twenty-four metals were detected in soil samples collected at AOCs 598 and 599. Two hundred 

and seventy-one detections occurred in the upper interval and 202 occurred in the lower interval. 

One metal - lead - exceeded both its respective industrial RBC and background RC in the upper 

interval. Additionally, one metal - arsenic - exceeded both its respective SSL and background 

RC in the lower interval. 

Arsenic was detected in 10 of 10 lower-interval samples with a range of 4-10 to 21.6 mglkg and 

a mean of 10.7 mg/kg. One lower-interval sample (599SB001, 21.6 pgtkg) exceeded both the 

arsenic SSL of 15 mglkg and the background RC of 19.9 mglkg . 
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Lead was detected in 13 of 13 upper-interval samples with a range of 27.5 to 1,8 10 mglkg and a 

mean of 284 mglkg . One upper-interval sample (598SB005, 1,810 rnglkg) exceeded both the lead 

AL of 1,300 mgtkg and the background RC of 265 mglkg. One lower-internal sample (598SB002, 

1,680 mg/kg) exceeded the lead RC of 173 mg/kg. 

10.47.3 Groundwater Sampling and Analysis 

Two shallow monitoring wells were installed and sampled to assess groundwater quality at 

AOCs 598 and 599 as shown in Figure 10.47.2. The wells were installed as follows: 

Shallow Wells - NBCE598001. NBCE599001 

Groundwater samples were submitted for analysis at DQO Level I11 for VOCs, SVOCs, 

pesticidesIPCBs, metals, cyanide, chlorides, sulfates, and TDS. No duplicate samples were 

collected at this site. Table 10.47.3.1 summarizes groundwater sampling and analysis at 

AOCs 598 and 599. 

Table 10.47.3.1 
AOCs 598 and 599 

Groundwater Sampling Summary 

Wells Wells 

Shallow 2 2 Standard Suiteb, Standard Suiteb, None 
chlorides, TDS, chlorides, sulfates, 
sulfates TDS 

Note : 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs 

The shallow monitoring wells were installed at 13 bgs in the surficial aquifer. All wells were 12 

installed in accordance with Section 3.3 of this report. 13 
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10.47.4 Nature of Contamination in Groundwater 1 

Organic compound analytical results for groundwater are summarized in Table 10.47.4.1. 2 

Inorganic analytical results for groundwater are summarized in Table 10.47.4.2. Appendix H 3 

contains the complete data report for all samples collected in Zone E. 4 

Table 10.47.4.1 
AOCs 598 and 599 

Organic Compounds Detected in First Quarter Groundwater (crglL) 
Shallow Monitoring Welt. 

Range of Mean of Number of 
Freq. Of Detected Detected Tapwater Samples 

svocs 

Acenaphthene lL! 4 4.00 220 NA 0 

Benzoic acid 112 3 3.00 15.000 NA 0 

Notes: 
pg/L = Micrograms per liter 
RBC = Risk-based concentration 
NA = No MCL established 

Table 10.47.4.2 
AOCs 598 and 599 

Inorganic Detections in First Quarter Groundwater UglL) 
Shallow Monitoring Wells 

Range of Mean of Tap- 
Number of 

Samples 
Freq. Of Detected Detected Water Reference ~ x c k d i n ~  

Element Detection Conc. Conc. RBC Conc. MCL RBC andRC 

Aluminum (Al) I 12 41.9 41.9 3.700 2,810 N A 0 

Arsenic (As) 112 9.00 9.00 0.0450 18.7 50.0 0 
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Table 10.47.4.2 
AOCs 598 and 599 

Inorganic Detections in First Quarter Groundwater (uglL) 
Shallow Monitoring Wells 

Number of 
Range of Mean of 'rap Samples 

Freq. Of Detected Detected Water Reference Exceeding 
Element Detection Conc. Conc. RBC Conc. MCL RBC and RC 

Barium (Ba) 11'2 672 672 260 21 1 2,000 1 

Calcium (Ca) 112 362,000 362.000 NA N A NA N A 

Cyanide (CN) I12 4-20 4.20 73.0 7.9 200 0 

Iron (Fe) 212 12,800 - 67,100 40,000 1.100 NA N A 2 

Magnesium (Mg) 1/2 206,000 206,000 NA N A NA NA 

Manganese (Mn) 1 12 187 187 84.0 2,560 N A 0 

Nickel (Ni) 112 1.3 1.30 '13.0 15.2 100 0 

Potassium (K) 112 108,000 108,000 N A N A N A NA 

Sodium (Na) 1 I2 3,110,000 3,110,000 NA NA NA NA 

Vanadium (V) 212 1.70 - 2.50 2.10 26.0 11.4 NA 0 

Notes: 
pgIL = Micrograms per liter 
RBC = Risk-based concentration 
RC = Reference concentration 
NA = No RBC. MCL, or reference concentration established 

Semivolatile Organic Compounds in Groundwater I 

Shallow Groundwater 2 

Five SVOCs were detected in shallow groundwater samples collected at AOCs 598 and 599. No 3 

SVOC exceeded its respective tap-water RBC. 4 
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Pesticides and PCBs in Groundwater 

Shallow Groundwater 

One pesticide was detected in shallow groundwater samples collected at AOCs 598 and 599. The 

pesticide - heptachlor - exceeded its respective tap-water RBC. 

Heptachlor was detected in one of two samples in well NBCE599001 (0.058 pg/L), exceeding its 

tap-water RBC of 0.00230 pglL. The detection did not exceed the heptachlor MCL of 

0.400 pg/L. 

Inorganic Elements in Groundwater 

Shallow Groundwafer 

Thirteen metals were detected in shallow groundwater samples collected at AOCs 598 and 599. 

Two metals - barium and iron - exceeded both their respective tap-water RBC and shallow 

groundwater RC (where available). 

Barium was detected in one of two samples in well NBCE598001 (672 pglL), exceeding both its 

tap-water RBC of 260 pg/L and shallow groundwater RC3 of 21 1 pg/L. The detection did not 

exceed the barium MCL of 2,000 pg/L.  

Iron was detected in two of two samples with a range of 12,800 to 67,100 pg/L and a mean of 

40,000 pg/L. Two samples from wells NBCE598001 (67,100 pg/L) and NBCE599001 

(12,800 pglL) exceeded the iron tap-water RBC of 1,100 pg/L. No groundwater RC or MCL has 

been established for iron, 

10.47.5 Sediment Sampling and Analysis 

The Final Zone E RFI Work Plan proposed collecting two sediment samples at AOCs 598 and 599 

from the locations shown in Figure 10.47.3. Two sediment samples were collected and submitted 
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for analysis at DQO Level III for VOCs, SVOCs, and metals. No samples were selected as I 

duplicates at this site. Table 10.47.5.1 summarizes sediment sampling and analysis at AOCs 598 2 

and 599. 3 

Table 10.47.5.1 
AOCs 598 and 599 

Sediment Sampling Summary 

Samples samples 

2 2 Standard Suite' VOCs, SVOCs, and Samples not submitted for 
metals pesticides/FCBs or 

cyanide 

Note: 
a = Standard suite includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs 

10.47.6 Nature of Contamination in Sediment 4 

Organic compound analytical results for sediment are summarized in Table 10.47.6.1. Inorganic 5 

analytical results for sediment are summarized in Table 10.47.6.2. Appendix H contains the 6 

complete data report for a11 samples collected in Zone E. 7 

Table 10.47.6.1 
AOCs 598 and 599 

Organic Compounds Detected in Sediment (ug/kg) 

Range of M m  of Number of 
Sample Freq, of Detected Detected lndustrinl Samples 
Interval Detection 
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Table 10.47.6.1 
AOCs 598 and 599 

Organic Compounds Detected in Sediment Cug/kg) 

Range of Mean of Number of 
Sample Freq. of Detected Detected Industrial Samples 
Interval Detection 

s v o c s  

Naphthalene Upper 112 290 290 8,200,000 0 

Chrysene Upper 212 210 - 520 365 780,000 0 

Indeno(l,2,3cd)pyrew Upper 1 I2 190 190 7,800 0 

Benzo(a)pyrene Upper 212 110 - 350 230 780 0 

Notes: 
gglkg = Micrograms per kilogram 
RBC = bsk-based concentration 
NA = No industrial soil RBC established 
* = For the purposes of this investigation, sediment collected from storm and floor drain catch basins are treated as soil and compared 

to indusaial RBCs instead of RAGS sedunent screening values. 

Table 10.47.6.2 
AOCs 598 and 599 

Inorganic Detections in Sediment (mg/Lrg) 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Exceeding 
Element Interval Detection Conc. Conc. - 

Aluminum (AI) UpPCr 212 1,410 - 2,650 2,030 1OO.WO 0 

Antlmony (Sb) Upper 212 1.60- 1.80 1.70 82 0 

Arsenic (As) upper 212 6.10 - 6.20 6.15 3.8 2 

Barium (Ba) Upper 212 17.5 - 68.0 42.8 14,000 0 

Beryllium (Be) Upper If2 0.180 0.180 1.3 0 

Cadmium (Cd) Upper 212 1.60 1.60 100 0 
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Table 10.47.6.2 
AOCs 598 and 599 

Inorganic Detections in Sediment (mglkg) 

Number of 
Rnnge of Mean of Samples 

Sample Freq. of Detected Deteded Industrial Exceeding 
Element Interval Detection Conc. Cone. Soil RBC RBC 

Calcium {Ca) Upper 212 16,200 - 33,6MI 24,900 N A N A 

Chromium (Cr) Upper 2/2 26.3 - 72.6 49.5 1.mJ 0 

Cobalt (Co) upper U2 2.30 - 3.70 3.00 12,000 0 

Iron (Fo) UFF 212 14,900 - 2 1,300 i8.100 N A N A 

Lead (Pb) Upper 212 182 - 368 275 1.300 0 

w?W* ow upper u2 f ,550 - 2,200 1 ,m N A N A 

Manganese (Mn) U P P ~  212 I 6 8  - I76 172 4.700 0 

Nickel (Ni) Upper 2/2 28.9 - 77.5 53.2 4,100 0 

Silver (Ag) Upper 212 0.740 - 1.30 1 .M 1.m 0 

Sodium (Nr) UPF 212 259 - 1,090 675 N A N A 

Thallium (TI) Upper 112 1.10 1 10 N A N A 

Tin (Sn) upper 212 8,40 - 17.2 123 190.000 0 

Vanad~um (V) Upper 212 5.90 - 14.7 10.3 1.40 0 

212 t ,250 - 3,970 Zinc (Zn) U r  Ppe 2610 61.000 0 

Notes: 
mgikg = Milligrams per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 
* = For thc plrposes of this investigation, sediment collected from storm and floor drain catch basins are treated as soil and compared 

to industrial RBCs instead of RAGS sediment screening values. 

Volatile Organic Compounds in Sediment 1 

No VOCs were detected in the sediment samples submitted for laboratory analysis from AOCs 598 2 

and 599. 3 
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Semivolatile Organic Compounds in Sediment 

Fifteen SVOCs were detected in 26 of 30 sediment samples collected at AOCs 598 and 599. None 

of the detected SVOCs exceeded their respective industrial soil RBCs. 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at AOCs 598 and 

599. The BEQ was calculated for two samples with a range of 143 to 487 pgikg and a mean of 

315 pg/kg. None of the detections exceeded the BEQ industrial RBC of 780 plkg. 

Inorganic Elements in Sediment 

Twenty-three metals were detected in sediment samples collected at AOCs 598 and 599. Two 

metals - arsenic and copper - exceeded their respective industrial soil RBC. 

Arsenic was detected in two of two samples with a range of 6.10 to 6.20 mglkg and a mean of 

6.15 mgfkg . Both samples (598M0001, 6.2 mglkg ; 599M0001, 6.1 mg/kg) exceeded the arsenic 

industrial RBC of 3.8 mglkg . 

Copper was detected in two of two samples with a range of 5,880 to 17,900 mg/kg and a mean 

of 1 1,900 mglkg . One sample (599M000 1, 17,900 mg/kg) exceeded the copper industrial RBC 

of 8,200 mg/kg . 

10.47.7 Fate and Transport Assessment for AOCs 598 and 599 16 

AOC 598 is a sonar dome repair area consisting of a temporary metal building on asphalt, adjacent 17 

to Pier J. AOC 599 is a pump house and former diesel fuel transfer station on Pier J.  The 18 

physical setting of the sites consists entirely of concrete and asphalt pavement and other buildings. 19 

Environmental media sampled as part of the combined AOC 598 RFI include surface soil, 20 

subsurface soil, sediment, and shallow groundwater. Potential constituent migration pathways 21 
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investigated for combined AOC 598 include soil to groundwater, groundwater to surface water, 

surface soil to sediment, and emission of volatiles from surface soil to air. 

10.47.7.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.47.7.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. For inorganics, maximum concentrations in soil are compared to the greater of 

(a) risk-based soiI screening levels, or (b) background reference concentrations. To provide a 

conservative screen, generic soil screening levels are used; Ieachate entering the aquifer is 

assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents in soil (DAF= 10). 

Six organic compounds - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fl uoranthene, 

dibenzo(a,h)anthracene, pentachlorophenol, and delta-BHC - were detected in combined 

AOC 598 soil at concentrations exceeding their generic groundwater protection SSLs. 

Benzo(a)anthracene was detected at a concentration abovt: its SSL in three surface soiI samples 

(598SB002, 599SB003, and 599SB007) and two subsurface soil samples (598SB002 and 

598SB005). Benzo(a)pyrene and dibenzo(a,h)anthracene exceeded their generic SSLs in the same 

two surface soil samples (598SB002 and 599SB007). Benzo(b)fluoranthene exceeded its SSL in 

only one surface soil sample (599SB007). Pentachlorophenol exceeded its groundwater protection 

SSL in one subsurface soil sample (598SB002), and delta-BHC exceeded its SSL in one surface 

soil sample (598SB002). 

Two inorganics - antimony and lead - were detected in combined AOC 598 soil at concentrations 

exceeding their groundwater protection standards. Antimony was detected at a concentration 

exceeding its generic SSL in one surface soil sample (598SB001). Lead was detected at a 

concentration exceeding its de facto SSL in two surface soil samples (598SB005 and 599SB002) 

and two subsurface soil samples (598SB001 and 598SB002). No constituent (organic or inorganic) 
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exceeding frrst-tier soil screening values was detected in first-quarter groundwater samples at 

combined AOC 598, indicating that the current soil-groundwater equilibrium is sufficiently 

protective of the surficial aquifer. 

10.47.7.2 Groundwater-to-Surface Water Cross-Media Transport: Tier One 

Table 10.47.7.1 also compares maximum detected organic constituent concentrations in shallow 

and deep groundwater samples to risk-based concentrations for drinking water, and to chronic 

ambient saltwater quality criteria values for the protection of aquatic life (saltwater surface water 

chronic screening values). For inorganics, maximum concentrations in groundwater are compared 

to the greater of (a) risk-based drinking water concentrations, or (b) background reference 

concentrations for groundwater, as well as to the saltwater surface water chronic values. To 

provide a conservative first-tier screen, no attenuation or dilution of constituents in groundwater 

is assumed before comparison to the relevant standards. 

Heptachlor was detected in first-quarter groundwater samples collected for combined AOC 598 

at a concentration exceeding both its groundwater and surface water standards. Although its 

detected concentration of 0.058 pglL was greater than its tap water RBC of 0.0023 pglL and its 

saltwater surface water chronic screening level of 0.0036 pglL in one first-quarter groundwater 

sample from well NBCE599001, it did not exceed its respective MCL of 0.4 pg/L. Heptachlor 

was not detected in shallow groundwater samples collected during subsequent quarterly sampling. 

No other organic constituents were detected at concentrations exceeding first-tier screening values. 

No inorganics were detected in combined AOC 598 first-quarter groundwater samples at 

concentrations exceeding their respective tap water RBCs and/or background reference values for 

groundwater. 
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10.47.7.3 Soil and Groundwater-to-Surface Water Transport: Tier Two 

Table 10.47.7.2 provides a second screening tier for all constituents detected in soil or 

groundwater at concentrations exceeding any of the first-tier screening levels. Constituent 

concentrations in groundwater are compared to combined ecologicalihuman health RBCs that have 

been adjusted upward for site-specific dilution by surface water in the Cooper River, while soil 

constituent concentrations are compared to calculated SSl,s that are based on the adjusted RBCs 

rather than the original target leachate concentrations. For the second-tier screen, no dilution of 

leachate by groundwater or attenuation of constituents in soil is assumed (DAF = 1). The second 

screening tier identifies any constituents in soil or groundwater that pose a potential threat to 

surface water quality, after allowing for dilution of groundwater by surface water when the 

groundwater discharges into the river. The site-specific surface-water dilution factor calculated 

for combined AOC 598 is 76,800: 1 (see Table 6.2.1). 

None of the first-tier constituent concentrations exceeded the adjusted screening levels of the 

second tier, indicating that site constituents in soil and groundwater pose no threat to human health 

or the environment in the Cooper River. 

10.47.7.4 Surface Soil-to-Sediment Cross-Media Transport 

Two sediment samples were collected from catch basins at combined AOC 598. Tables 10.47.6.1 

and 10.47.6.2 summarize the organic and inorganic constituent concentrations detected in sediment 

samples at combined AOC 598. Nearly a11 of the constituents detected in sediment samples were 

also detected in surface soil samples at the site, including many SVOCs, cPAHs, and inorganics. 

This relationship implies either that surface soil is a potential source of these constituents in 

sediment, which is unlikely since the area is entirely paved, or that both surface soil and sediment 

were contaminated by similar site sources. Fate and transport for constituents detected in catch- 

basin sediment will be discussed in the Zone L RFI report. 



Drafi Zone E RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10: Site-Specific Evaluarionr 
November 1997 

10.47.7.5 Soil-to-Air Cross-Media Transport 

Table 10.47.7.3 lists the VOCs detected in surface soil samples collected at combined AOC 598 

along with corresponding soil-to-air volatilization screening levels. Minimal surface soil is 

exposed at combined AOC 598. In addition, no VOCs maximum concentration exceeded its 

respective soil-to-air volatilization screening level. As a result, the soil-to-air migration pathway 

is not expected to be a viable pathway at combined AOC 598. 

10.47.7.6 Fate and Transport Summary 

Of the eight organic and inorganic soil constituents detected at concentrations exceeding 

groundwater protection SSLs, none was detected in ftrstquarter groundwater samples, indicating 

that the current soil-groundwater equilibrium is sufficiently protective of the surficial aquifer. 

Heptachlor was the only constituent identified in the first-tier groundwater screening. It was 

detected at a concentration exceeding its tap water RBC and its saltwater surface water chronic 

screening leveI in one first-quarter shallow groundwater sample. However, the detected 

concentration of heptachlor was below its respective MCL and the compound was not detected in 

subsequent sampling rounds, indicating it poses no threat to surface water in the Cooper River via 

the groundwater-to-surface water migration pathway. 

No constituent exceeding first-tier screening values also exceeded the adjusted screening values 

of the second-tier comparisons, indicating no threat to surface water in the Cooper River via the 

evaluated migration pathways. 



Table 10.47.7.1 
Chemicals Detectcd in Surface Soil, Subsurface Soil and Shallow Groundwatsr 
Cornparim to S S h .  Tap Water RBC4 Salt Water Surface Watcr Chronic Screening Levels, and Background Concentrations: Tier One 
NAVBASE-Charleaton, Zone E: AOC 598 and 599 
Charleaton, South Carolina 

Paramckcr 

Volatile Organic Compounds 
Acetone 
Mcthylcne chloride 
Toluene 

Semivolatile Orgnnic Compounds 
Aoenaphthene 
Acenaphthylme 

Ground- Surface 
Watcr Wster 

Leaching Migration Migration 
Potential Conccrn Concern 

NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
YES NO NO 
YES NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Screening Concentration 
Soil to Salt Wtr. 
OW Tap Water Surf. Wtr. 
SSL RBC Chronic 

8000 3700 NA 
10 4.1 2560 

6000 750 37 

285000 2200 9.7 
150000 1500 NA 

5900000 11000 NA 
200000 150000 NA 

2.33E+08 1500 NA 

800 0.092 NA 
4000 0.0092 NA 
2500 0.092 NA 

24500 0.92 NA 
80000 9.2 NA 

800 0.0092 NA 
7000 0.092 NA 

718000 2100 NA 
930000 7300 29.4 

300 3.4 NA 
2000 180 NA 

NA. I50 NA 
2300000 3700 3.4 

235000 29000 75.9 
10000000 730 NA 

Max. Concentration 

Surface Subsurface 
Soil Soil 

60 78 
4 ND 

ND 2 

3400 1800 
140 110 

Soil Water 
Units Units 

umc urn 
umo uon. 
UWKO urn 

UGKG UGZ. 

UWKG UGR 

UOKG UG~L 

UGKG UWL 

UGKG u o n  

UGKG UGA 

UWKG UGL 

UWKG UGL 

UWG ucn 
umo urn 
umo uon 
u m o  von 
UCUKG UGR. 

UGMG UWL 

UGKG ucn 
u m c  ucn 
u m o  uon 
UWKG uon. 
UGMG UWL 

UWKG ucn 

Max Conccntrstion 

Shallow Dcsp 
GW GW 

ND NA 
ND NA 
ND NA 

4 NA 
ND NA 

1800000 4.8 NA 
2150000 1500 1.6 
280000 I500 NA 

63000 1500 NA 
7500 1800 NA 
690 180 NA 

42000 1500 
600 14 33000 

15 0.56 7.9 
690000 1500 NA 

2100000 1100 NA 

250 0.004 0.13 
1.5 0.037 NA 
4.5 0.052 0.016 

5000 0.052 0.004 
5000 0.052 0.004 
8000 0.28 0.025 

27000 0.2 0.14 
16000 0.2 0.001 
9000 220 0.0087 

500 11 NA 
11500 0.0023 0.0036 

350 0.0012 0.0036 
80000 180 0.03 

950 0.43 10 

ND NA 
3 NA 

ND NA 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

Anthraccne 
Benzoic acid 
B m o ( g , h i ) p ~ l e n e  
Bcnzo(ajpyrcne equivalents 

Benzo(a)anthraccne 
B=o(a)p~rcnc 
Bcnzo(b)fluoranthcnc 
Bmzo(k)fluoranthene 

chryscnc 
Dibenzo(a.h)anthraccne 

6900 1300 
250 310 

5500 850 

19000 2100 
17000 1800 
17000- 1800 
8200 1300 

20000 1700 
3600 570 

hdcno(l ,Z,3+d)p~e 
4-Bromophcnyl-phenylethm 
Butylbenzylphthalate 
Carbazole 
2-Chlorophenol 
Dibenzofuran 
Di-n-butylphthalatc 
Diethylphthalate 
Di-n-octyl phthalate 
bis(2-Ethyhexyl)phthalate (BEHP) 
Fluormthene 

l u o ~ n c  
2-Methylnaphtbalene 
2-Methylphenol (0-cml) 
4-Methylphenol (pcrcsol) 
Naphthalene 
N-Nilrdiphenvlamine 
Pcntachlomphenol 
Phenanthrene 
Pyrene 

PesticidcdPCIl Compounds 
Aldrin 
delta-BHC 
gamma-BHC (Lindanc) 
alpha-Chlordane 
gamrnaChlordane 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Endosulfan I1 
Enbin aldehyde 
Hcptachlw 
HeptachIor epovlde 
Methoxychlor 

Dioxin Compounds 

Dioxin (TCDD TEQ) 

UGRG urn 
umo won 
u m o  urn 
UGKG uon 
UWKG UGR 

u m c  UGL 

~ ~ . ~ U G K G U G ~ L  

u m c  UG~L 

UGKG u o n  

UGKG urn  
UGKG u o n  

u m o  urn 
U ~ K G  ucn 
WG uon 
u w r o  uoh 
umo uon 
UWG uolz 
UWKG urn 
u m o  urn 
u m o  uon. 
u m c  u c n  

UWKG u a n  

UGKG urn  
UWKG UGL 

NOKO p a  

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO YES YES 
NO NO NO 
NO NO NO 

NO NO NO 

7000 820 
99 ND 
98 ND 
98 98 

ND 77 
4100 810 

190 130 
250 ND 

85 ND 
85 ND 

44000 7600 
9000 1700 
2600 2100 

ND ND 
ND ND 

3200 180 
240 ND 
NII 110 

48000 3800 
29000 5600 

2.91 Nn 
6.27 ND 
2.39 ND 
7.99 ND 

3.8 ND 
132 ND 

59.6 16.3 
21.6 ND 
10.9 ND 
13.8 ND 
ND ND 
6.2 ND 

24.9 ND 

NA 0.0646 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

1 NA 
ND NA 
ND NA 
10 NA 

ND NA 
ND NA 
ND NA 

1 NA 
ND NA 

M) NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

0.058 NA 
ND NA 
ND NA 

NA NA 



Table 10.47.7.1 
Chemicals Dctcctcd in Surface Soil, Subsurface Soil and Shallow Groundwater 
Comparison lo SSLa, Tap Water RBCa, Salt Water Surface Water Chronic Screening Levels, and Background Concentrations: Tier One 
NAVBASE-Charleston, Zone E: AOC 598 and 599 
Charlwton, South Carolina 

* Screening Concentrations: 
Soil to GW - Generic SSLs bkved on DAF = 10, adapted from 19% EPA Soil Screening (3uidance or calculated using values from Table 6.2 
Tap Water RBC - From EPA Region I11 Risk-Based Concentration Table, June 3, I996 
Salt Water Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Assessment, November. 1995; Table 2 

In each cse,  the value shown is the greater of the relevant screening value or the corresponding background reference value 

h i t s :  See notes for Table 10.1.5.1 

G r d -  Surface 
Watcr Water 

Leaching Migration Migntion 
Potential Concern C o n m  

NO NO NO 
YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Parameter 

Inorganic Compounds 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 
copper 
Cyanide 
Lead 
Manganese 

 men:^ 
Nickel 
Selenium 
Thallium 
Tin 
Vanadium 
Zinc 

Max. Concentration 

Surface Subsurface 
Soil Soil 

Max. Concentration 

Shallow Deep 
CW GW 

Screening Concenlration * 
Soil to Salt Wtr. 
GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

I0700 8550 
4.9 1.4 
13.5 21.6 
104 137 
0.78 0.6 
0.81 1.8 
26. I 37.1 
3.3 4.2 
85.6 97.1 
0.45 ND 
1810 1680 
216 171 

0.59 0.53 
13.7 16.8 
0.98 2 
ND 0.7 
12.3 18.1 
30.2 30.4 
3 54 805 

Soil Water 
Unils Unib 

41100 37000 NA 
2.:; 15 NA 
23.9 18.7 36 
820 2600 NA 
3 :! 1.2 NA 

4t 18 9.3 
94.6 37000 103 

19 2200 NA 
IS:! 1500 2.9 
20 730 37.3 
400 15 8.5 
881 2560 NA 
2.6 I I 0.2 
77.1 730 42.2 
2.:; 180 71 
2.8 2.9 21.3 

59.4; 22000 NA 
30001 260 NA 
60008 11000 86 

41.9 NA 
ND NA 
9 NA 

672 NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
4.2 NA 
ND NA 
187 NA 
ND NA 
1.3 NA 
ND NA 
ND NA 
ND NA 
2.5 NA 
16.1 NA 

 ma uon 
M ~ G  urn 
MOKG ugn 
wo uon. 
~ K U K G  uon 
m o  urn 
m o  urn 
MWKG urn 
MWKG urn 
MWKG UGIL 

M(WKG uoh 

MCIKC urn 
M ~ O  uon 
MO~KO urn 
M ~ G  UGL 

~ w c  UGIL 

uma uoh 
MCVKG urn  
MGKG urn  
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Table 10.47.7.3 
Soil-to-hr Volatilization Screening Analysis 
NAVBASE-Charleston, Zone E: AOC 598 and 599 
Charleston, South Carolina 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Regon I11 Risk-Based Concentration Table, June 1996. 
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10.47.8 Fixed-Point Risk Evaluation for AOC 598 and AOC 599 

10.47.8.1 Site Background and Investigative Approach 

AOC 598 is a sonar dome repair area and AOC 599 is a pump house. Both sites are located near 

Pier J. The following refers to these sites as combined AOC 598. This site is located in a highly 

industrialized portion of Zone E, and as a result, the risk assessment is presented as a FRE 

following the framework presented in Section 7.3. 

All of the 13 surface soil samples collected during the combined AOC 598 RFI were included in 

the FRE. Two monitoring wells were installed into the shallow aquifer as part of the 1995 RFI. 

Groundwater data generated from the first quarter RFI sampling event are used to represent point 

riskfhazard for the combined AOC 598 FRE. Sections 10.47.1 and 10.47.3 contain summaries 

of the sampling effort for combined AOC 598 soil and groundwater. 

10.47.8.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.47.8.1 provides CPSS summaries for combined AOC 598 soil and identifies COPCs 

based on comparison to residential and industrial RBCs and background RCs. Based on residential 

RBCs, antimony, BEQ equivalents, and lead were identified as COPCs for combined AOC 598. 

Aluminum, arsenic, beryllium, and manganese were detected in combined AOC 598 soil at 

concentrations above their RBCs but were eliminated from consideration in the residential FRE 

based on comparison to their background concentrations. Wilcoxon rank sum test analyses did 

not result in the inclusion of any parameter that had been screened out based on background 

concentration. 

Table 10.47.8.2 summarizes the residential COPCs detected at each combined AOC 598 sample 

location with contribution to risk and hazard. As shown, BEQ equivalent compounds contribute 

to risk for combined AOC 598 surface soil, exceeding 1E-06 at 12 of 13 locations. Figure 10.47.4 



I FIGURE 10.47.4 
CUMULATIVE SOIL RISK 
RESIDENTIAL SCENARIO 

AOC 698,599 
Y*: I --.bra- 
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is a spatial presentation of residential risk estimates for combined AOC 598 surface soil. Risk 

estimates range from 3E-07 to 4E-04 with an arithmetic mean risk of 5E-05. HI estimates did not 

exceed unity at any sample locations. Hazard indices range from 0.02 to 0.2. 

Industrial Scenario 

Based on industrial RBCs, BEQ equivalents and lead were identified as COPCs for combined 

AOC 598 surface soil. Wilcoxon rank sum test analyses did not result in the inclusion of any 

parameter that had been screened out based on background concentration. 

Table 10.47.8.3 summarizes the industrial COPCs detected at each combined AOC 598 sample 

location with contribution to risk and hazard. As shown, BEQ equivalent compounds contribute 

to risk for combined AOC 598 surface soil, exceeding 1E-M at 1 I of 13 locations. Figure 10.47.5 

is a spatial presentation of industrial risk estimates for combined AOC 598 surface soil. Risk 

estimates range from 7E-08 to 8E-05 with an arithmetic mean risk of 1E-05. 

No industrial COPCs were detected that would have contributed to HI projections. 

Lead 

Lead was detected in all 13 surface soil samples collected at combined AOC 598. Soil 

concentrations ranged from 28.5 to 1810 mg/kg and exceeded the residential clean up level of 

400 mglkg in only two of 13 samples. The mean detected lead concentration for combined 

AOC 598 is 284 mg/kg which is below the action level of 400 mglkg, considered protective of 

children under a residential scenario. Figure 10.47.6 is a spatial presentation of lead soil 

concentrations, using the surface soil background concentration of 265 mglkg, the residential soil 

lead cleanup level of 400 mglkg, and the industrial soil lead cleanup concentration of 1,300 mg/kg 

as benchmark levels to illustrate the lead soil concentrations for combined AOC 598. As shown, 







Drafl Zone E RCRA Facility investigation Repon 
NAVBASE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

surface soil sample 598SB005, which is located on the perimeter of the soil sampling array, 

reported a concentration of 1,810 mglkg lead. Although soil samples collected for the AOC 597 

RFI define the extent of lead in soil to the north of sample location 598SB005, it is unclear 

whether the extent has been adequately defined to the west of sample location 598SB005. 

10.47.8.3 Fixed-Point Risk Evaluation for Groundwater 

Table 10.47.8.4 provides CPSS summaries for combined AOC 598 groundwater and identifies 

COPCs. Barium and heptachlor were identified as groundwater COPCs in the shallow aquifer. 

COPC identification was based on comparison of first quarter groundwater concentrations to tap 

water RBCs, as well as corresponding background concentrations for inorganics. The maximum 

concentrations of arsenic and manganese reported in the shallow well samples exceeded their 

RBCs and were eliminated from consideration in the groundwater FRE based on comparison to 

background RCs. Combined AOC 598 shallow groundwater data were not sufficient to perform 

Wilcoxon rank sum test analyses (less than four samples). As a result, arsenic and manganese 

were eliminated from the shallow groundwater FRE based on direct comparison of their maximum 

concentrations to their background RCs. 

Table 10.47.8.5 summarizes the COPCs identified in combined AOC 598 monitoring wells 

sampled during the first quarter. The concentrations of heptachlor in the groundwater sample 

collected from monitoring well NBCE599001 was associated with risk estimate of 8E-06. There 

were no carcinogenic COPCs detected in the first quarter groundwater samples collected from 

monitoring well NBCE598001. Figure 10.47.7 illustrates the groundwater data as a function of 

point specific risk projections. 

Concentrations of barium in first quarter groundwater samples were not associated with HI 

projections above unity. HI projections were 0.6 and 0.01 for first quarter groundwater samples 

collected from monitoring wells NBCE598001 and NBCE599001, respectively. 
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10.47.8.4 Uncertainty 

AOC 598 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential fox high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil and/or a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to currentffuture site workers and future site residents. 

Groundwater is not currently used as a potable water source at combined AOC 598, nor is it used 18 

at NAVBASE or in the surrounding area. Municipal water is readily available. As previously 19 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 20 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 21 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 22 

preclude this aquifer from being an acceptable potable water source. 23 
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Quantification of RisWHazard 

Soil 

A conservative screening process was used to identify COPCs for combined AOC 598. The 

potential for eliminating CPSSs with the potential for cumulative HI greater than one was 

addressed for noncarcinogens through the use of RBCs that were reduced one order of magnitude. 

For carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative 

RBCs in combination with the use of maximum detected concentrations for comparison minimizes 

the likelihood of a significant contribution to riskhazard based on eliminated CPSSs. Of the 

CPSSs screened and e l a t e d  from formal assessment based on comparison to RBCs, none was 

reported at a concentration close to its RBCs (e.g., within 10 % of its RBCs). 

Aluminum, arsenic, beryllium, and manganese were reported in combined AOC 598 soil at 

concentrations above their RBC benchmarks and were eliminated from consideration in the FFCE 

based on comparison to their background concentration. As a result, their contribution to 

risWhazard has not been considered in this FRE. 

Groundwafer 

The same conservative screening process used for soil was also applied to groundwater. Use of 

conservative RBCs in combination with the use of maximum detected concentrations for 

comparison minimizes the likelihood of a significant contribution to risWhazard based on 

eliminated CPSSs. Of the CPSSs screened and eliminated from formal assessment, none was 

reported at concentrations close to its RBCs (e.g., within 10% of its RBCs). 

Arsenic and manganese were reported in combined AOC 598 shallow groundwater at maximum 

concentrations above corresponding RBC benchmarks and were eliminated from consideration in 

the groundwater FRE based on comparison to its background concentration. As a result, their 

contribution to risklhazard has not been considered in groundwater FRE. 
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10.47.8.5 FRE Summary 

The risk and hazard posed by coniaminants at combined AOC 598 were assessed for the hture site 

worker and the future site resident as sample point-specific estimates. In surface soils, the 

incidental ingestion and dermal contact pathways are reflected. The groundwater FRE was based 

on first quarter data and considers the both the ingestion and inhalation pathways. Risk and HI 

estimates are presented on Tables 10.47.8.2, 10.47.8.3, and 10.47.8.5 such that risk (E-06) or HI 

that exceeds one for any COPC at any given sample location is an indication that the concentration 

of that COPC exceeds its RGO (calculated at a target risk: of 1E-06 and a target hazard quotient 

of 1). Section 7, Tables 7.3.1, 7.3.2, and 7.3.3 provide residential, industrial, and residential 

groundwater RGOs, respectively, for all of the COPCs identified for Zone E, 

Soil - Residential Scenario 

BEQ equivalents were reported at concentrations above their residential RGO in 12 of 13 surface 

soil samples. 

Soil - Site Worker Scenario 

BEQ equivalents were reported at concentrations above their industrial RGO in 1 lof 13 surface 

soil samples. 

Groundwater - Residential Scenario 

Heptachlor epoxide was detected in shallow groundwater ai: a concentration above its RGO based 

on first quarter groundwater samples. Heptachlor epoxide was not detected in subsequent 

quarterly samples. Thallium (MCL = 2 pg/L) was detected in the third quarter groundwater 

samples collected from both combined AOC 598 monitoring wells at concentrations of 8.2 pg/L 

(NBCE598001) and 3.3 pg/L (NBCE599001). Thallium was not detected in frrst, second, or 

fourth quarter groundwater samples collected from these monitoring wells. The mean thallium 

groundwater concentrations for all four quarters was calculated to be 3 pg/L, assuming one-half 

the SQL for nondetects, which is only marginally above its MCL. 
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Table 10.47.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
AOCs 598 and 599 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard index % HI Risk (E.06) % Risk 
598 BOO1 Antimonv ISb) 4.90 MGlKG 0 N A . .  . 
598 BOO1 B(a)P Equiv. 590.85 UGIKG N A 9.7847 100.00 
598 BOOl Lead (Pb) 

Total 
127.00 MGIKG - N A N A 

0.?680 9.7847 

598 8002 Antimony (Sb) ND MGlKG N A N A 
598 8002 B(a)P Equiv. 7095.00 UGlKG N A I 17.4954 100.00 
598 8002 Lead (Pb) 212.00 MGlKG - N A N A 

Total N A 1 17.4954 

598 8003 Ant~mony (Sb) 0.78 MGlKG 0.0267 100.00 N A 
598 8003 B(a)P Equiv. 609.83 UGIKG N A 10.0990 100.00 
598 BOO3 Lead (Pb) 60.30 MGlKG - N A N A 

Total 0.0267 10.0990 

598 BOO4 Antimony (Sb) 1.80 MGlKG 0.0617 100.00 N A 
598 8004 B(a)P Equiv. 748.88 UGlKG N A 12.4017 100.00 
598 8004 Lead (Pb) 229.00 MGlKG N A N A 

Total 0.0617 12.4017 

598 8005 Antimony (Sb) 0.92 MGlKG 0.0315 100.00 N A 
598 8005 B(a)P Equiv. 754.97 UGlKG N A 12.5025 100.00 
598 BOO5 Lead (Pb) 1810.00 MGIKG N A N A - 

Total 0.0315 12.5025 

598 BOO6 Antimony (Sb) 2.20 MGlKG 0.0754 100.00 N A 
598 8006 B(a)P Equiv. 'I 395.06 UGlKG N A 23.1 026 100.00 
598 BOO6 Lead (Pb) 272.00 MGIKG N A N A 

Total 0.0754 23.1026 

599 8001 Antimony (Sb) ND MGlKG N A N A 
599 BOO1 B(a)P Equiv. 20.30 UGlKG N A 0.3362 100.00 
599 €3001 Lead (Pb) 27.50 MGlKG N A N A 

Total N A 0.3362 

599 BOO2 Antimony (Sb) 0.62 MGlKG 0.021 3 100.00 N A 
599 8002 B(a)P Equiv. 117.16 UGlKG N A 1.9402 100.00 
599 BOO2 Lead (Pb) 423.00 MGlKG N A N A - 

Total 0.0213 1.9402 

599 BOO3 Antimony (Sb) 
599 8003 B(a)P Equiv. 
599 8003 Lead (Pb) 

Total 

599 BOO4 Antimony (Sb) 
599 8004 B(a)P Equiv 
599 8004 Lead (Pb) 

Totaf 

0.68 MG/KG 0.0233 100.00 N A 
1017.40 UGlKG N A 16.8485 100.00 

30.30 MGIKG - N A N A 
0.0233 16.8485 

0.71 MGlKG 0.0243 100.00 N A 
530.42 UGIKG N A 8.7839 100.00 
36.00 MGIKG - N A N A 

0.0243 8.7839 



Table 10.47.8.2 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Residential Scenario 
AOCs 596 and 599 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) ./o Risk 

599 8005 Antimony (Sbj 1.20 MGIKG 0.041 1 100.00 N A 
599 BOO5 B(a)P Equiv. 471.16 UGIKG N A 7.8026 100.00 
599 BOO5 Lead (Pb) 233.00 MGlKG N A N A - 

Total 0.041 1 7.8026 

599 8006 Antimony (Sb) 1.00 MGIKG 0.0343 100.00 N A 
599 BOO6 B(a)P Equiv. 452.33 UGIKG N A 7.4907 100.00 
599 BOO6 Lead (Pb) 206.00 MGlKG N A N A - 

Total 0.0343 7.4907 

599 8007 Antimony (Sb) 0.47 MGIKG 0.0161 100.00 N A 
599 8007 B(a)P Equiv. 24920.00 UGIKG N A 412.6830 100.00 
599 8007 Lead (Pb) 28.50 MGIKG N A N A - 

Total 0.0161 412.6830 



Table 10.47.8.3 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Industrial Scenario 
AOCs 598 and 599 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 
598 6001 B(a)P Equiv. 590.85 UG/KG NA 1.9895 1 00.00 
598 BOO1 Lead (Pb) 127.00 MGlKG NA NA 

Total NA 1.9895 

598 BOO2 B(a)P Equiv. 7095.00 UGlKG NA 23.8899 100.00 
598 BOO2 Lead (Pb) 212.00 MGlKG NA N A  

Total NA 23.8899 

598 6003 B(a)P Equiv. 609.83 UGlKG NA 2.0534 100.00 
598 8003 Lead (Pb) 

Total 
60.30 MGIKG NA N A  

NA 2.0534 

598 8004 B(a)P Equiv. 748.88 UGIKG NA 2.5216 100.00 
598 BOO4 Lead (Pb) 229.00 MG/KG - N A  N A 

Total NA 2.521 6 

598 BOO5 B(a)P Equiv. 754.97 UGIKG N A 2.5421 100.00 
598 8005 Lead (Pb) 1810.00 MGIKG N A NA - 

Total N A 2.5421 

BOO6 B(a)P Equiv. 
8006 Lead (Pb) 

Total 

BOO1 B(a)P Equiv. 
BOO1 Lead (Pb) 

Total 

BOO2 B(a)P Equiv. 
0002 Lead (Pb) 

Total 

6003 B(a)P Equiv. 
BOO3 Lead (Pb) 

Total 

8004 B(a)P Equiv. 
8004 Lead (Pb) 

Total 

1395.06 UGIKG NA 
272.00 MGIKG N A  

20.30 UGIKG NA 
27.50 MGIKG - NA 

NA 

117.16 UGIKG NA 
423.00 MGIKG - N A  

N A  

101 7.40 UGIKG N A 
30.30 MGlKG NA 

530.42 UGlKG NA 
36.00 MGIKG NA 

N A  

599 8005 B(a)P Equiv. 471.16 UG/KG N A 1.5865 100.00 
599 8005 Lead (Pb) 233.00 MGlKG NA NA 

Total NA 1.5865 



Table 10.47.8.3 
Point Estimates of Risk and Hazard - Surface Soil Pathways 

Industrial Scenario 
AOCs 598 and 599 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 

599 8006 B(a)P Equiv. 452.33 UGlKG NA 1.5231 100.00 
599 8006 Lead (Pb) 206.00 MGIKG NA N A - 

Total NA 1.5231 

599 BOO7 B(a)P Equiv. 24920.00 UGIKG NA 83.9091 100.00 
599 8007 Lead (Pb) 28.50 MGIKG NA NA 

Total N A 83.9091 
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Table 10.47.8.5 
Point Estimates of Risk and Hazard - Groundwater Pathways 

Residential Scenario 
AOC 598 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Risk (E-06) % Risk Hazard Index % HI 
598 GO01 Barium (Ba) 672.00 UG/L NA 0.61 37 100.00 
598 GO01 Heptachlor ND UGIL NA NA - 

Total NA 0.61 37 

599 GO01 Barium (Ba) ND UGIL NA N A 
599 GO01 Heptachlor 0.06 UG/L 7.8067 100.00 0.0148 100.00 

Total 7.8067 0.0148 



Draft Zone E RCRA Facility Investigation Repon 
NAVBASE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

10.47.9 Corrective Measures Considerations 

For AOCs 598 and 599, the upper and lower soil intervals, sediment, and shallow groundwater 

were investigated. Based on the analytical results and the FRE, COCs requiring further evaluation 

through the CMS process were identified for upper soil interval and shallow groundwater 

However, residential use of the site is not expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued commerciallindustria1 use. All soil 

samples were collected from beneath asphalt pavement. 

BEQs were identified as COCs in the upper soil interval. The soil pathway residential arithmetic 

mean exposure risk is 5E-05. The arithmetic mean risk is within USEPA's acceptable range of 

1E-06 and 1E-04 for risk. BEQs were detected in 12 of 13 soil samples above a risk-based RGO 

of 0.06 mglkg. Potential corrective measures, in addition to no further action for soil and 

respective COCs, are presented in Table 10.47.9.1. Corrective measures for AOCs 598 and 599 

are detailed in Section 9. 

Lead was detected above USEPA's residential soil lead cleanup level of 400 mglkg at two upper- 

interval soil samples collected from beneath the asphalt, 598SB005 and 599SB002. Additionally, 

BEQs exceed the RGO for these samples and corrective measures are being recommended. 

Heptachlor epoxide was detected in the shallow groundwater above its risk-based RGO 

concentration of 0.000015 mg/L. The equated risk associated with heptachlor epoxide is 8E-06, 

which is between USEPA's acceptable range of 1E-06 to 1E-04. Corrective measures for 

heptachlor epoxide are presented in Table 10.47.9.1 and detailed in Section 9. 
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Table 10.47.9.1 
Potential Corrective Measures for AOC 598 and AOC 599 

Medium Potential Corrective Measures 

Soil BEQs and lead a) No Action 
b) intrinsic Remediation and 

Monitoring 
c)  Containment by Capping 
d) Excavation and Landfill, if 

RCRA-nonhazardous Waste 

Shallow Groundwater Heptachlor epoxide a) No Action 
b) Intrinsic Remediation and 

Monitoring 
c) Ex-situ, Chemical and Physical 

Treatment 
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10.48 AOC 602, Substation and Storage, Building 95 

AOC 602 is a former electrical substation at Building 95. Constructed in 1943, Building 95 was 

originally used as an electrical substation for drydock 3. :It housed PCB containing transformers 

until renovation in 1989. The renovation was interrupted by Hurricane Hugo and the building was 

subsequently taken out of service. Currently this area is paved with concretelasphalt. 

This site has not been investigated previously, but in 1986, fluid samples collected from the 

transformer indicated PCB concentrations were less than 50 ppm. During the RFA, stains were 

observed on the floor. 

Dielectric fluid is the material of concern for AOC 602 identified in the Final Zone E RFI Work 

Plan . Potential receptors that may be exposed to site contaminants include current and future 

building users and any site workers this area may support following base closure. 

To fulfill the CSI objectives for AOC 602, soil and concrete surface wipe samples were collected 

in accordance with the Final Zone E RFI Work Plan and Section 3 of this report to determine 

whether any contamination resulted from onsite activities. 

10.48.1 Soil Sampling and Anaiysis 

Soil samples were collected in one round at AOC 602 from the locations shown in Figure 10.48.1. 

The Fiml Zone E RFI Work Plan, proposed collecting 4 soil samples from the upper interval and 

four samples from the lower interval. All four proposed upper- and lower-interval samples were 

collected. 

All samples were submitted for analysis at DQO Level 111 for PCBs. Additionally, one lower- 

interval sample was submitted for VOC analysis due to high OVA readings. Three upper-interval 
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samples selected for duplication were analyzed at DQO Level IV for Appendix IX analytical 1 

parameters which includes the suite of pararneters proposed for the site, plus organophosphorus 2 

pesticides, herbicides, hexavalent chromium, and dioxins. Table 10.48.1.1 summarizes soil 3 

sampling at AOC 602. 4 

Table 10.48.1.1 
AOC 602 

Soil Sampling Summary 

Samples Samples Analyses Analyses 
Deviations 

Upper 4 4 PCBs PCBs None 
Lower 4 4 PCBs PCBs VOCs were collected 

from one sample due to 
OVA readings of 80 
ppm. 

10.48.2 Nature of Contamination in Soil 5 

Organic compound analytical results for soil are summarized in Table 10.48.2.1. Appendix H 6 

contains the complete data report for all samples collected in Zone E. 7 

Table 10.48.2.1 
AOC 602 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Smpies 

Sampling Freq. of Detected Detected Industrial Exceeding 
Corn PO und Interval Detection Conc. Conc. RBC RBC 

VOCs @g/kg) - .  

Acetone Lower 1/1 85.0 85.0 NA NA 

Methylene chloride Lower 111 2.00 2.00 NA N A 
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Table 10.48.2.1 
AOC 602 

Organic Compounds Detected in Soil 

Number of 
Rnnge of Mean of Spmples 

Sampling Freq. of Detected Detected IndWrial Exceeding 
Interval Detection Conc. Conc. RBC RBC 

Aroclor- 1260 Upper 1 14 210 210 740 0 

Dioxins (nd49 - - 
Dioxin Equiv. Upper 3i3 0.133 - 0.590 0.366 1 ,ooO o 

OCDD Upper 3 13 42.0 - 159 87.6 N A N A 

Notes: 
pgtkg = Micrograms per kilogram 
nglkg = Nanograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 

Volatile Organic Compounds in Soil I 

Two VOCs - acetone and methylene chloride - were detected in soil samples collected at 2 

AOC 602. Both detections occurred in the lower interval; neither VOC exceeded its respective 3 

SSL. 4 

Pesticides and PCBs in Soil 5 

No pesticides were detected in soil samples submitted for laboratory analysis from AOC 602. 6 

Two PCBs - Aroclor-1254 and Aroclor-1260 - were detected in one of four upper-interval soil 7 

samples collected at AOC 602. Neither PCB exceeded its respective industrial RBC. 8 
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Other Organic Compounds in Soil 

Five dioxins were detected in soil samples collected at AOC 602. Nine detections occurred in the 

upper interval and zero in the lower interval. No industrial RBCs have been established for the 

detected dioxins. 

In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated. The upper- 

intervaI TEQ was calculated for three samples with a range of 0.133 to 0.590 nglkg and a mean 

of 0.366 nglkg. The calculated TEQ was below the industrial RBC of 1,000 nglkg. 

10.48.3 Wipe Sampling and Analysis 

Concrete surfaces were sampled at AOC 602 from the locations shown in Figure 10.48.2. The 

Final Zone E RFI Work Plan proposed the collection of four wipe samples at AOC 602. All four 

samples were collected and submitted for PCB analysis. Table 10.48.3.1 summarizes wipe 

sampling activity for AOC 602. 

Table 10.48.3.1 
AOC 602 

Wipe Sampling Summary 

Samples Proposed Samples Collected Analyses Proposed Analyses Performed Deviations 

4 4 PCB PCB None 

10.48.4 Nature of Contamination in Dust 13 

Table 10.48.4.1 summarizes the wipe sample analytical results for AOC 602. Sample locations 14 

were determined in the field and were biased in an attempt to identify worst case situations. 15 

Sample locations were selected based on the location of PCB-containing equipment and visual 16 

evidence of spills and leaks. 17 
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Table 10.48.4.1 
AOC 602 

Wipe Sampling Analytical Results 

Parameter 

014 PCB ND 

Notes: 
c(g/100 cm2 = micrograms per 100 square centimeters 
ND = not detected 

PCBs Detected on Surfaces 

Four wipe samples were coHected at AOC 602 and analyzed for PCBs. No PCBs were detected. 

10.48.5 Fate and Transport Assessment for AOC 602 

AOC 602 is a former electrical substation at Building 95. The area around the building is paved 

with concrete and asphalt. Samples collected as part of the AOC 602 CSI included surface soil, 

subsurface soil, and wipe samples. Because PCBs were the focus of the investigation, the 

majority of the samples were only analyzed for PCBs. The potential constituent migration 

pathway investigated for AOC 602 is soil to groundwater. The emission of volatiles from the 

surface soil to air pathway was not assessed since no VOCs were detected in surface soil samples. 

10.48.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.48.3.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. To provide a conservative screen, generic soil screening levels are used; leachate 

entering the aquifer is assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents 

in soil (DAF= 10). 



Draft Zone E RCRA Faciliry Investigation Report 
NAWASE Charleston 

Section 10: Site-Specific Evaluan'ons 
November 1997 

No constituents were detected in AOC 602 surface or subsurface soil at concentrations exceeding 

groundwater protection SSLs. As a result, the soil-to-groundwater migration pathway is not 

expected to be a viable pathway at AOC 602. Since no constituents exceeded first-tier screening 

criteria for soil, a second-tier comparison was not necessary or performed at AOC 602. 

10.48.5.2 Fate and Transport Summary 

No constituents were detected in surface or subsurface soil at concentrations exceeding any of the 

first-tier soil screening levels. Therefore, no threat was identified to ambient air, groundwater, 

or surface water in the Cooper River via the evaluated migration pathways. 



Table 10.48.5.1 
Chemicals Detected in Surface Soil and Subsurface Soil 
Cornprism to SSLs, Tap Watcr RBCa. Salt Watcr Surface Watm Chronic Scrc-g Levels, and Background Concentrations: Tier Onc 
NAVBASECharleston, Zone E: AOC 602 
Charleston South Carolina 

* Screening Concentrations 
Soil to GW - Generic SSLs based on D M  = 10, adapted from 1996 EPA Soil Screening Guidance or calculated using values from Table 6.2 
Tap Watcr RSC - From EPA Region 111 Risk-Based Conccnhtion Table, June 3, 1996 
Salt Watcr Surface Watcr Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Assessment, November, 1995; Table 2 

In each case, the value shown is the greater of the relevant screening value or the oorrrspooding backpund reference value 

Units: See notes far Table 10.1.5.1 

Ground- Surface 
Watcr Watcr 

Lsaching Migration Migration 
Potential Conccm Concern 

NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 

NO NO NO 

I 

Parameter 

Volatile Organic Compounds 
Acetone 
Methylme chloride 

P n t i r i d d C B  Compounds 
Aroclor-1254 
Aroclor-I260 

Dioxin Compounds 
Dioxin (TCDD TEQ) 

Soil Water 
Units Unit8 

U ~ G  ucn. 
2 5 6 0 ~ ~ ~ ~  uwz 

u m o  uch 
umo UGL. 

NWG P C ~ Z  

Screening Concentration 
Soil to Salt Wtr. 

GW 'Tap Water S d .  Wtr. 
SSL RBC C W c  

8000 3700 NA 
10 4.1 

1000 0.0087 0.03 
1000 0.0087 0.03 

950 0.43 10 

Max. Concentration 

Surface Subsurface 
Soil Soil 

NA 85 
NA 2 

190 ND 
210 ND 

0.59 NA 

Max. Concentration 

Shallow Deep 
GW GW 

NA NA 
NA NA 

NA NA 
NA NA 

NA NA 
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10.48.6 Fixed-Point Risk Evaluation for AOC 602 

10.48.6.1 Site Background and Investigative Approach 

AOC 602 is a former electrical substation located in Building 95. This site is located in a highly 

industrialized portion of Zone E, and as a result, the risk assessment is presented as a FRE 

following the framework presented in Section 7.3. 

A11 four surface soil samples collected during the AOC 602 CSI were considered in the FRE. 

Groundwater investigation was not part of the CSI sampling activities for this site. 

Sections 10.48.1 contains a summary of the soil sampling effort for AOC 602. 

10.48.6.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.48.6.1 provides CPSS summaries for AOC 602 surface soil and identifies COPCs based 

on comparison to residential and industrial RBCs, and background RCs. Based on residential 

RBCs, ArocIor-1254 and Aroclor-1260 were identified as COPCs for AOC 602. 

Table 10.48.6.2 summarizes the residential COPCs detected at each AOC 602 sample location 

with contribution to risk and hazard. As shown, Aroclor-1254 and Aroclor-1260 contribute to risk 

estimates for AOC 602 surface soil, exceeding 1E-06 at only one of four sample locations. 

Figure 10.48.3 is a spatial presentation of residential risk estimates for AOC 602 surface soil. The 

risk estimate for 602SB004, the only sample in which detectable concentrations of PCBs were 

reported, was 2E-06. Assuming a deminimus risk value of' 1E-07 in samples where no PCBs were 

reported, the arithmetic mean risk for AOC 602 is 5E-07. 

Aroclor-1254 also contributed to HI estimates, which did not exceed unity at any of the four 

sample locations. The hazard estimate for 602SB004 was 0.2. 
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Industrial Scenario 

No COPCs were identified in AOC 602 surface soil based on industrial RBCs. 

10.48.6.3 Uncertainty 

AOC 602 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and wou'td tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil and/or a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to current/future site workers and future site residents. 

Quantification of RisktHazard 20 

A conservative screening process was used to identify COPCs for AOC 602. The potential for 21 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 22 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 23 
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carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative RBCs 

in combination with the use of maximum detected concentrations for comparison minimizes the 

likelihood of a significant contribution to riskhazard based on eliminated CPSSs. Of the CPSSs 

screened and eliminated from formal assessment based on comparison to RBCs, none was reported 

at a concentration close to its RBC (e.g , within 10% of its RBCs). 

10.48.6.4 FRE Summary 

The risk and hazard posed by contaminants at AOC 602 were assessed for the future site worker 

and the future site resident as sample point-specific estimates. In surface soils, the incidental 

ingestion and dermal contact pathways are reflected. Risk and HI estimates are presented on 

Table 10.48.6.2, such that risk (E-06) or HI that exceeds one for any COPC at any given sample 

location is an indication that the concentration of that COPC exceeds its RGO (calculated at a 

target hazard quotient of 1). Section 7, Tables 7.3.1, 7.3.2, and 7.3.3 provide residential, 

industrial, and residential groundwater RGOs, respectively, for all of the COPCs identified for 

Zone E. 

Soil - Residentid Scenario 

Neither Aroclor-1254 nor Aroclor-1260 were detected in AOC 602 surface soil at concentrations 

above their residential RGOs, however in one of four samples the combined risk associated with 

these PCB Aroclors was estimated to be 2E-06. 

Aroclor-1254 was detected in AOC 590 surface soil at a concentration above its hazard-based RBC 

benchmark, but the HI did not exceed unity at any of the four sample locations. 

Soil - Site Worker Scenario 

No COPCs were detected in AOC 590 surface soil at concentrations above their industrial risk or 

hazard-based RGOs . 
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Table 10.48.6.2 
Point Estimates of Risk and Hazard -Surface Soil Pathways 

Residential Scenario 
AOC 602 

NAVBASE-Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 
602 BOO1 Aroclor-1254 ND UGIKG N A NA 
602 BOO1 Aroclor-1260 ND UGIKG N A NA - 

Tota t N A NA 

602 8002 Aroclor-1254 ND UGIKG N A NA 
602 8002 Arocior-I260 ND UGIKG N A NA - 

Total NA NA 

602 BOO3 Aroclor-1254 ND UGIKG NA NA 
602 8003 Aroclor-1260 ND UGIKG NA NA - 

Total NA NA 

602 8004 Aroclor-1254 190.00 UGIKG 0.1567 100.00 0.8620 47.50 
602 8004 Aroclor- 1260 210.00 UGlKG NA 0.9528 52.50 - 

Total 0.1 567 1.81 48 
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10.48.7 Corrective Measures Considerations 

For AOC 602, the upper and lower soil intervals were investigated. Based on the analytical 

results and the FRE, COCs requiring further evaluation through the CMS process were identified 

for upper soil interval. However, residential use of the site is not expected, based on current site 

uses and the nature of surrounding buildings. Current reuse plans call for continued 

commercial/industrial use. All soil samples was collected from beneath the asphalt pavement. 

Aroclors 1254 and 1260 were identified as COCs in the upper soil interval. The soil pathway 

residential arithmetic mean exposure risk is SE-07, which does not exceed USEPA's acceptable 

risk of 1E-06. Aroclors 1254 and 1260 were detected in one of four soil samples above their risk- 

based RGO of 0.22 mg/kg each, based on a target risk of 1E-06. Potential corrective measures, 

in addition to no further action for soil and respective COCs, are presented in Table 10.48.7.1. 

Corrective measures for AOC 602 are detailed in Section 9. 

Table 10.48.7.1 
Potential Corrective Measures for AOC 602 

Medium Compounds Potential Corrective Measures 

Soil Aroclors 1254 and 1260 a) No Action 
bf intrinsic Remediation and 

Monitoring 
C) COmainment by Capping 
d) Excavation and Landfill, if 

RCRA-nonhazardous Wastc 
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10.49 AOC 604, Substation and Storage, Building 96 

AOC 604 is a former electrical substation at Building 96. Constructed in 1946, Building 95 was 

originally used as an electrical substation for drydock 4. It originally housed PCB containing 

transformers. The electrical items currently stored in Building 96 do not contain PCBs. Two 

permanent transformers, and one temporary transfornier are currently located adjacent to 

Building 96. This site has not been investigated previously. However, during the RFA, stained 

soil horn a small leak in the transformer was observed. 

Dielectric fluid is the material of concern for AOC 604 identified in the Final Zune E RFI Work 

Plan . Potential receptors that may be exposed to site con taminants include current and future 

building users and any site workers this area may support following base closure. 

To fulfill the CSI objectives for AOC 604, soil and concrete surface wipe samples were collected 

in accordance with the Final Zone E RFI Work Plan and Section 3 of this report to determine 

whether any contamination resulted from onsite activities. 

10.49.1 Soil Sampling and Analysis 

Soil was sampled in one round at AOC 604 from the locations shown in Figure 10.49.1. The 

Final Zone E RFI Work Plan, proposed collecting four soil samples from the upper interval and 

four samples from the lower interval. All four of the proposed upper-interval and lower-interval 

samples were collected. 

All samples were submitted for PCB analysis at DQO Level In. In addition, two samples (one 

upper-interval and one lower-interval) were submitted for VOC analysis, and two samples (one 

upper-interval and one lower-interval) were submitted for TPH analysis due to high OVA readings 

and petroleum odor in the sample. No samples were selected as duplicates at AOC 604. 

Table 10.49.1.1 summarizes soil sampling at AOC 604. 
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Table 10.49.1.1 
AOC 604 

Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Proposed Collected Proposed Collected Deviations 

upper 4 4 PCBs PCBs One sample submitted for VOC analysis, 
and me sample submitted for TPH 

Lower 4 4 PCBs PCBs One sample submitted for VOC anaiysis, 
and one sample submitted for TPH 
analysis 

10.49.2 Nature of Contamination in SoiI I 

Organic compound analytical results for soil are summarized in Table 10.49.2.1. Appendix H 2 

contains the complete data report for all samples collected in Zone E. 3 

Table 10.49.2.1 
AOC 604 

Organic Compounds Detected in Soil 

Range of Mean of Number of 
Sampling Freq. of Detected Detected Industrial Samples 

Com Po und Intervat Detection Conc. Conc. RBC Exceeding RBC 

vocs @&kg) 

Acetone Upper 111 90.0 90.0 20,0oO,oM1 0 

Lower 111 1 10 110 NA N A 

X Y lene ( Total U PPe r 111 2.00 2.00 100,000,000 0 

Aroclor- 1254 upper 214 8.90 - 17.0 13.0 744) 0 

TPH (mgntg) 

Gasoline UPPr 111 3,800 3,800 

Kerosene Upper 111 1,610 1,CiIO N A N A 

Lower 111 17.3 17.3 N A NA 
Noles: 

pglkg = Micrograms per kilogram 
mglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
N A = No industrial RBC established 
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Volatile Organic Compounds in Soil 

Two VOCs were detected in soil samples collected at AOC 604. Two detections occurred in the 

upper interval and one occurred in the lower interval. No VOC exceeded its respective industrial 

RBC in the upper interval or respective SSL in the lower interval. 

PCBs in Soil 

One PCB - Aroclor-1254 - was detected in two of four upper-interval soil samples at AOC 604. 

The PCB did not exceed its respective industrial RBC in the upper interval. 

Other Organic Compounds in Soil 

TPH-gasoline was detected in one upper-interval sample collected at AOC 604. TPH-kerosene 

was detected in one upper-interval sample and one lower-interval sample. No industrial RBC or 

SSL has been established for TPH in soil. 

10.49.3 Wipe Sampling and Analysis 

Concrete surfaces were sampled at AOC 604 from the locations shown in Figure 10.49.2. The 

Final Zone E RFI Work PIan proposed the coIlection of four wipe samples at AOC 604. All four 

samples were collected and submitted for PCB analysis. Table 10.49.3.1 summarizes wipe 

sampling activity for AOC 604. 

Table 10.49.3.1 
AOC 604 

Wipe Sampling Summary 

Samples Samples Analyses Analyses 
Proposed Collected Proposed Performed Deviations 

4 4 PCB PCB No deviation from proposed 
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10.49.4 Nature of Contamination in Dust I 

Table 10.49.4.1 summarizes the wipe sample analytical results for AOC 604. Sample locations 2 

were determined in the field and were biased in an attempt to identify worst case situations. 3 

Sample locations were selected based on the location of' PCB-containing equipment and visual 4 

evidence of spills and leaks. 5 

Table 10.49.4.1 
AOC 604 

Wipe Sampling Analytical Results 

N d e :  
ygf100 cm2 = micrograms per 100 square centimeters 

PCBs Detected on Surfaces 

PCBs were detected in three of four samples with a range 0.59 to 3.2 ug\ 100 crd. No residential 

or industrial RBCs exist for wipe samples. 

10.49.5 Fate and Transport Assessment for AOC 604 

AOC 604 is a former electrical substation at Building 96. The area around the building is 

primarily concrete and asphalt pavement. Samples collected as part of the AOC 604 CSI included 

surface soil, subsurface soil, and wipe samples. Because PCBs were the focus of the 

investigation, the majority of fhe samples were only analyzed for PCBs. The potential constituent 

migration pathways investigated for AOC 604 include soil to groundwater and emission of 

volatiles from surface soil to air. 
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10.49.5.1 Soil-to-Groundwater Cross-Media Transport: Tier One 

Table 10.49.3.1 compares maximum detected organic constituent concentrations in surface soil 

and subsurface soil samples to risk-based soil screening levels considered protective of 

groundwater. To provide a conservative screen, generic soil screening levels are used; leachate 

entering the aquifer is assumed to be diluted by a ratio of 10: 1, with no attenuation of constituents 

in soil (DAF = 10). 

No constituents were detected in AOC 604 surface or subsurface soil at concentrations exceeding 

generic groundwater protection SSLs. As a result, the soil-to-groundwater migration pathway is 

not expected to be a viable pathway at AOC 604. Since no constituents exceeded first-tier 

screening criteria for soil, a second-tier comparison was not necessary or performed at AOC 604. 

10.49.5.2 Soil-to-Air Cross-Media Transport 

Table 10.45.5.2 lists the two VOCs detected in surface soil samples collected at AOC 604 along 

with corresponding soil-to-air volatilization screening levels. Minimal surface soil is exposed at 

AOC 604. In addition, neither VOCs maximum concentration exceeded its respective soil-to-air 

volatilization screening level. As a result, the soil-to-air migration pathway is not expected to be 

a viable pathway at AOC 604. 

10.49.5.3 Fate and Transport Summary 

No constituents were detected in surface or subsurface soil at concentrations exceeding any of the 

first-tier soil screening levels. Therefore, no threat was identified to ambient air, groundwater, 

or surface water in the Cooper River via the evaluated migration pathways. 



Table 10.49.5.1 
Chemicals Dctccted in Surface Soil and Subsurface Soil 
Comparison to SSLP, Tap Water RBCp. Salt W a t a  Surface Water Chronic Screening Levels, and Background Concentrations: Tier h e  
NAVBASECharlcaton. Zone E: AOC 604 
Charleeton, South Carolina 

* SorcCning Concentrations: 
Soil to C W  - CcnMic SSLe bmed on DAF = 10, adaptcd &om 1996 EPA Soil Screening Guidance or oalculatcd using valuea from Table 6.2 
Tap W a h  RBC - From EPA Region 111 Risk-BPaed Concentration Table, June 3,1996 
Salt Water Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecotogical Risk Assessment. November, 1995; Table 2 

Ln each case, tho value shown is the greater of the relevant screening value or the corresponding background rtference value 

Units: See notes for Table 10.1.5.1 

Parameter 

Volatile Organic Compounds 
Acetone 
Xylcne (total) 

PcsticidcdPCB Compounds 
Aroclor-1254 

TPH - Dieael Range Organics 
Kerosene 

TPH - CaMlline Rnnge Orgnnim 
Gaxrline 

Ground- Surface 
water W W r  

Leaching Migration Mipati 
Pokntial Concern Conc 

NO NO NO 

Max. Concentration 

Shallow Dtep 
GW GW 

NA NA 
NA NA 

NA NA 

NA NA 

NA NA 

Max. Concenkation 

Surfacc SuLurface 
Soil Soil 

90 110 
2 ND 

17 ND 

1610 17.3 

3800 ND 

NO NO NO 

NO NO NO 

NO NO NO 

NO NO NO 

.I 

Sc&ig Concentration 
Soil lo Salt Wtr. 

GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

8000 3700 NA 
71000 12000 NA 

1000 0.0087 0.03 

NA N A NA 

NA N A NA 

Soil Water 
Unib Units 

UWKC ucn 
umc uoh 

umc ucn 

u o ~ c  uon. 

UGKG uwz 



Table 10.49.5.2 
Soil-to-hr Volatilization Screening Analysis 
NAVBASE-Charleston. Zone E: AOC 604 
Charleston, South Carolina 

Concentration 

90 62000000 
2 320000 

* - Soil screening levels for transfers from soil to air were obtained from 
USEPA Region 111 Risk-Based Concentration Table, June 1996. 
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10.49.6 Fixed-Point Risk Evaluation for AOC 604 

10.49.6.1 Site Background and Investigative Approach 

AOC 604 is a former electrical substation and storage area located in Building 96, This site is 

located in a highly industrialized portion of Zone E, and as a result, the risk assessment is 

presented as a FRE following the framework presented 11 Section 7.3. 

All four surface soil samples collected during the AOC 604 CSI were considered in the FRE. 

Groundwater investigation was not part of the CSI sampling activities for this site. 

Sections 10.49.1 contains a summary of the soil sampling effort for AOC 604. 

10.49.6.2 Fixed-Point Risk Evaluation for Soil 

Residential Scenario 

Table 10.49.6.1 provides CPSS summaries for AOC 604 surface soil and identifies COPCs based 

on comparison to residential and industrial RBCs, and background RCs. Based on residential 

RBCs, no COPCs were identified in surface soils at AOC 604. 

Industrial Scenario 

No COPCs were identified in AOC 604 surface soil based on industrial RBCs. 

10.49.6.3 Uncertainty 

AOC 604 uncertainty issues specific to the FRE and essential to the risk management process are 

presented in the following paragraphs. 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 
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Region IV when assessing potential future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans call for continued industrial use of Zone E, 

specifically as a marine cargo terminal and drydocking facility. If this area were to be 

redeveloped, the buildings and other structures would be demolished, and the surface soil 

conditions would likely change - the soils could be covered with landscaping soil and/or a house. 

Consequently, chronic exposure to surface soil conditions, as represented by the samples results 

used in this FRE, would not be likely under any future use scenario. These factors indicate that 

exposure pathways assessed in this FRE would generally overestimate the risk and hazard posed 

to currentffuture site workers and future site residents. 

Quantification of RiskEIazard 

A conservative screening process was used to identify COPCs for AOC 604. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than one was addressed for 

noncarcinogens through the use of RBCs that were reduced one order of magnitude. For 

carcinogens the RBCs are based on a conservative target risk of 1E-06. Use of conservative RBCs 

in combination with the use of maximum detected concentrations for comparison minimizes the 

likelihood of a significant contribution to risWhazard based on eliminated CPSSs. Of the CPSSs 

screened and eliminated from formal assessment based on comparison to RBCs, none was reported 

at a concentration close to its RBC (e.g.  within 10% of its RBCs). 

10.49.6.4 IFRE Summary 

No COPCs were identified at AOC 604; therefore, risk and hazard was not formally assessed. 
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10.49.7 Corrective Measures Considerations I 

No COPCs were identified at AOC 604, therefore, corrective measures were not considered for 2 

this site. 3 
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10.50 Supplemental Sampling 

To help characterize background conditions and provide data points where site-specific data are 

missing, supplemental soil and groundwater sampling was proposed throughout Zone E. A series 

of shallow and deep groundwater monitoring well pairs were distributed across Zone E, 

complementing the sample locations designated in the site-specific investigations. Usable data 

from sample locations near AOCs and SWMUs were incorporated into the appropriate site 

assessments if it appeared that these locations had been impacted by the site activities. If the 

SWMU or AOC had no impact on its associated supplemental sample location, the location was 

used to determine background levels used in the site-specific evaluations for groundwater. 

To accomplish this objective, soiI and groundwater sampies were collected from a biased 

distribution of 30 shallow and deep monitoring well pairs in accordance with the Final Zone E RFI 

Work Plan (E/A&H, June 1995) and Section 3 of this report. The sample locations were chosen 

based on a number of variables including: the suspected direction of groundwater flow, suspected 

location of subsurface utilities, suspected location of piling supports, density of site-specific 

sample locations, and the proximity to the Cooper River. 

10.50.1 Soil Sampling and Analysis 

Soil was sampled in one round at the supplemental shallow monitoring well locations shown in 

Figure 10.50.1. The Final Zone E RFI Work Plan (E/A&H, June 1995), proposed collecting 

25 soil samples fiom the upper interval and 25 samples fiom the lower interval at the shallow well 

locations. Soil samples were also collected at both intervals from five additional supplemental 

shallow well locations (NBCEGDE026 through NBCEGDE030), added to the originally proposed 

locations to further characterize Zone E groundwater. 
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All 30 of the proposed upper-interval samples and 28 of 30 proposed lower-interval samples were 

collected. Two lower-interval samples could not be collected due to subsurface obstructions such 

as rocks or wood. 

Samples from the initial 25 proposed well locations were submitted for analysis at DQO Level I11 

for the standard suite of parameters which includes VOCs., SVOCs, pesticideslPCBs, metals, and 

cyanide. The five additional well locations were analyzed for SVOCs and metals. In addition, 

one sample was also submitted for TPH analysis due to elevated OVA readings. Nine samples 

were selected as duplicates and were analyzed at DQO Level IV for Appendix IX analytical 

parameters, which includes the suite of parameters originally proposed, plus a more 

comprehensive list of VOCs, SVOCs, as well as, herbicides, hexavalent chromium, 

organophosphorus pesticides, and dioxins. Table 10.50.1 summarizes soil sampling at 

supplemental shallow well locations. 

Table 10.50.1 
Supplemental Sampling 
Soil Sampling Summary 

Samples Samples Analyses Analyses 
Interval Proposed Collected Collected Deviations 

Upper 30 30 Standard Suite' Standard Suitea None 

Lower 30 28 Standard Suitea Stanbrd Suitea Subsurface obstructions 
prevented the collection of 

Note: 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, and pesticidestPCBs 
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10.50.2 Nature of Contamination In Soil 1 

Organic compound analytical results for soil are summarized in Table 10.50.2.1. Inorganic 2 

analytical results soil are summarized in Table 10.50.2.2. Appendix H is the complete data report 3 

for all samples collected in Zone E. 4 

Table 10.50.2.1 
Supplemental Sampling 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

VOCs Iwdke.I 

Acetone Upper 14/25 12.0 - 5.800 465 20,000,000 0 

Lower 12124 9.00 - 160 47.6 NA N A 

2-Butanone (MEK) Upper 2/25 10.0 - 17.0 13.5 100,000,000 0 

Carbon disulfide UPP~ 1/25 12.0 12.9 20,000,~ 0 

Lower 1/24 3.00 3.00 N A N A 

Methylene chloride Upper 3/25 4.00 - 9.00 6.00 760,000 0 

Lower 2/24 1 1  .O  - 14.0 12.5 N A N A 

Toluene Upper 1125 2.00 2.00 4 1,000,000 0 

Trichlorofl uoromethane Luwer 1f3 3.00 3.00 NA NA 

Xy lene (Total) 2/25 1.000 - 2.00 1.50 100,000,000 0 

s v o c s  Iuelke) 

Anthracene Upper 6/30 64.0 - 3,000 592 61,000,000 0 

Lower 4/28 70.0 - 640 278 N A NA 

Lower 8/28 73.0 - 1,800 448 N A N A 

Benzoic acid Upper 8/30 56.0 - 1.800 322 100,000.000 0 

Lower 7/28 28.0 - 220 218 N A NA 

Benzyl alcohol Upper 1130 3 80 380 61,000,000 0 
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Table 10.50.2.1 
Supplemental Sampling 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

SVOCs (~g lkp)  

bis(2-Ethylhexy1)phthalate Upper 6/30 50.0 - 1,700 460 410,000 0 

Lower 6/28 180 - 720 370 N A N A 

Butylbenzylphthalate Upper 3/30 95.0 - 2,200 832 41,000,000 0 

Lower 2/28 200 - 380 290 N A N A 

Carbazole Upper 216 100 - 470 285 290,000 0 

Lower 1 /28 140 140 NA NA 

Fluoranthene Upper 18/30 51.0 - 5,700 713 8,200,000 0 

Lower 12/28 86.0 - 4 , W  836 NA NA 

Fluorene Upper 4/30 39.0 - 1.500 465 8,200,000 0 

Lower 4/28 46.0 - 270 122 NA NA 

2-Methy tnaphthalene Upper 1/30 570 570 8,200.000 0 

Naphthalene Upper 1130 1 20 120 8.200,OOO 0 

Lower 1 I28 71 .O 71.0 N A N A 

Pentachlorophenol Upper 2/30 51.0 - 120 85.5 48,000 0 

Phenanthrene Upper 14/30 38.0 - 10,000 93 1 8,200,000 0 

Lower 9/28 93.0 - 2,500 567 NA NA 

Pyrene Upper 19/30 50.0 - 7,800 78 1 6,100,000 0 

Lower 1 1 128 130 - 7.700 1.220 N A N A 
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Table 10.50.2.1 
Supplemental Sampling 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Smples 

Sampling Freq. of Detected Detected Industrial Exceeding 
Compound Interval Detection Conc. Conc. RBC RBC 

SVOCs (B(a)P Equivalents) Orglkg) 

B(a)P Q u i v .  upper 16/30 0.0640 - 4,990 629 780 4 

Lower 

Lower 

Upper 

Lower 

Chrysene 

Lower 

Lower 

Lower 

Lower 8128 92.0 - 2,300 646 N A N A  . 

Benzo(a)py rene Upper 15/30 82.0 - 3 .100  449 780 1 

Lower 9/28 I20 - 2,600 612 N A N A 

PesticidesfPCBs @/kg) 

Aldrin Upper 1125 2.80 2.80 340 0 

Lower 1/24 33.0 33.0 N A N A 

gamma-Chlordane Upper 2125 1.60 - 6.20 3.90 2,200 0 

Lower 1 124 34.0 34.0 N A N A 

Lower 3/24 3.50 - 12.0 7.97 NA N A 
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Table 10.50.2.1 
Supplemental Sampling 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 

4,4'-DDE Upper 7125 3.00 - 110 25.8 1"1,000 0 

Lower 3\24 6.10 - 380 1 34 N A N A 

4.4'-DDT 

Dieldrin 

Upper 

Lower 

Upper 

Lower 

Endrin Upper 1/25 63.0 63.0 61,000 0 

Lower 2/24 6.60 - 8.10 7.35 NA N A 

Endrin atdehyde Upper 2/25 3.20 - 3.60 3 .40 61,000 0 

Lower 1\24 6.60 6.60 N A N A 

Endrin ketone Upper 1 I25 16.0 16.0 61,000 0 

Heptachlor Upper 1 I25 3.00 3.00 1,300 0 

Lower 1/24 1.40 1.40 N A NA 

Aroclor- 1254 Upper 1125 54.0 54 .O 740 0 

Lower 1 124 520 520 N A N A 

Aroclor- I260 Upper 2/25 76.0 - 360 218 740 0 

Dioxin Equ~v. Upper 616 0.00660 - 0.799 0.335 1 two 0 

Lower 313 0.0307 - 0.523 0.202 NA NA 

Lower 213 2.47 - 13.9 8.18 NA N A 

1234678-HpCDF Upper 416 0.765 - 8.81 4.31 N A N A 

Lower 213 0.886 - 2.09 1.49 N A NA 
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Table 10.50.2.1 
Supplemental Sampling 

Organic Compounds Detected in Soil 

Number of 
Range of Mean of Samples 

Sampling Freq. of Detected Detected Industrial Exceeding 

Dioxins (npllkg) 

123478-HxCDF Upper 116 2.09 2.m N A NA 

Lower 1 I3 1.97 1.97 N A N A 

OCDD Upper 616 6.64 - 128 61 .O N A N A 

Lower 313 6.71 - 184 69.3 N A NA 

OCDF Upper 4/6 0.759 - 6.35 4.06 N A NA 

Engineering Parameters (SV) 

Notes: 
~ g l k g  = Micrograms per kilogra 
nglkg = Nanograms per kilogram 
RBC = Risk-based concentration 
NA = No industrial RBC established 
SV = Standard units 

Table 10.50.2.2 
Supplemental Sampling 

Inorganic Detections for Soil 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Exceeding 
Element Interval Detection Conc. Conc. RBC RC RBC andRC 

Inorganic Elements (mglkg) 

Aluminum (AJ) Upper 25130 1,950 - 20,500 7,670 100,000 26,600 0 

Lower 24/28 1,220 - 29,900 8,780 NA 41,100 NA 
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Table 10.50.2.2 
Supplemental Sampling 

Inorganic Detections for Soil 

Number of 
Range of Mean of Samples 

Sample Freq. of Detected Detected Industrial Exceeding 
Element Interval Detection Conc. Conc. RBC RC RBC andRC 

Inoreanic Elements (rnglkd 

Antimony (Sb) Upper 10130 0.500 - 7.40 1 .'74 82.0 1.77 0 

Lower 8128 0.600 - 1.60 0.435 N A 1.60 N A 

Arsenic (As) U P P ~ ~  23/30 1.30 - 67.5 12.1 3.80 23.9 13 

Lower 23/28 0.830 - 29.4 9.50 NA 14.9 NA 

Barium (Ba) Upper 25/30 5.70 - 1980 108 14,000 1 3 0  0 

Lower 24/28 6.10 - 91 .O 26.6 NA 94.1 N A 

Beryllium (Be) upper 

Lower 

Cadmium (Cd) Upper 

Lower 

Calcium (Ca) Upper 

Lower 

Chromium (Cr) Upper 

Lower 

Cobalt (Co) Upper 

Lower 

Copper (Cu) Upper 

Lower 

Cyanide (CN) Upper 

Lower 2124 0.370 - 0,770 0.5'10 N A N A NA 

Iron (Fe) Upper 25/30 1090 - 30,600 10,900 61.000 N A 0 

Lower 24/28 924 - 35,800 10,500 N A N A N A 

L a d  (Pb) U P P ~ ~  25/30 2.20 - 400 87.5 1.300 265 0 

Lower 24/28 1.80 - 322 52.10 NA 173 NA 
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Table 10.50.2.2 
Supplemental Sampling 

Inorganic Detections for Soil 

Number of 
Range of Mean of Samples 

Sample Freq, of  Detected Detected Industrial Exceeding 
RC RBCand RC 

Inorganic Elements (mdke) 

Magnesium (Mg) Upper 25/30 75.7 - 14,800 1,920 N A N A N A 

Lower 24/28 76.5 - 9.140 2,070 N A N A N A 

Manganese (Mn) Upper 25/30 6.80 - 50g 132 4.700 302 0 

Lower 

Mercury (Hg) Upper 

Lower 

Nickel (Ni) Upper 

Lower 

Potassium (K) Upper 

Lower 

Seten~um (Se) Upper 

Lower 

Silver (Ag) upper 

Sodium (Na) upper 

Lower 21/28 20.8 - 1,430 49 I N A NA NA 

Thallium (Tl) Upper 4/30 0.620 - 2.80 1.57 16 2.80 0 

Tin (Sn) Upper 13/30 2.90 - 44.7 14.6 6,100 59.4 0 

Lower 13/28 2.80 - 23.9 6.05 NA 9.23 NA 

Vanadium (V) Upper 26/30 2.50 - 60.1 17.8 1,400 94.3 0 

Lower 25/28 1.60 - 71.4 22.8 N A 155 N A 

Zinc (Znf Upper 25/30 3.90 - 855 183 6 i , W  827 0 

Lower 24/28 5.80 - 438 97.2 N A 886 NA 

Notes: 
mglkg = Milligrams per kilogram 
RBC = Risk-based concentration 
RC = Reference concentration 
NA = No industrial RBC established 
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Volatile Organic Compounds in Soil 

Eight VOCs were detected in soil samples collected at supplemental sample locations. 

Twenty-four detections occurred in the upper interval and sixteen in the lower interval. No VOC 

exceeded its respective industrial RBC . 

Semivolatile Organic Compounds in Soil 

Twenty-five SVOCs were detected in soil samples collected. at supplemental sample locations. One 

hundred and ninety-six detections occurred in the upper interval and 116 in the lower interval. 

Two SVOCs - dibenz(a,h)anthracene and benzo(a)pyrene .- exceeded their respective industrial 

RBC in the upper interval. 

Dibenz(a,h)anthracene was detected in six of 30 upper-interval samples with a range of 58 to 

1,100 pglkg and a mean of 278 pglkg . One upper-interval sample (GDESB0180, 1,100 pglkg) 

exceeded the dibenz(a,h)anthracene industria1 RBC of 780 pglkg. 

Benzo(a)pyrene was detected in 15 of 30 upper-interval samples with a range of 82.0 to 

3,100 pglkg and a mean of 449 pglkg. One upper-interval sample (GDESB018, 3,100 pglkg) 

exceeded the benzo(a)pyrene industrial RBC of 780 pglkg . 

In accordance with recent cPAH guidance, BEQs were calculated for cPAHs at supplemental 

sample locations. The BEQ was calculated in I6 upper-intervaI samples with a range of 0.0640 

to 4,990 pglkg and a mean of 629 pglkg. Four samples ((3DESB008, 826 pglkg; GDESBO10, 

852 pglkg; GDESB016, 782 &kg; and GDESB018,4,987 pglkg) exceeded the benzo(a)pyrene 

industrial RBC of 780.0 pg/kg. 
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Pesticides and PCBs in Soil 

Eleven pesticides were detected in soil samples collected at supplemental sample locations. 

Twenty-nine detections occurred in the upper interval and seventeen in the lower interval. No 

pesticide exceeded its respective industrial RBC. 

Two PCBs were detected in soil samples collected at supplemental sample locations. Three 

detections occurred in the upper interval and one in the lower interval. Neither PCB exceeded 

its respective industrial lU3C. 

Inorganic Elements in Soil 

Twenty-five metals were detected at supplemental sample locations. Four hundred and ninety 

detections occurred in the upper interval and four hundred and sixty-one occurred in the lower 

interval. One metal - arsenic - exceeded both its respective industrial RBC and background RC 

in the upper interval. Additionally, arsenic also exceeded both its respective SSL and background 

RC in the lower interval. 

Arsenic was detected in 23 of 30 upper-interval samples with a range of 1.30 to 67.5 rng/kg and 

a mean of 12.1 mglkg. Three upper-interval samples (GDESB008, 23.9 mglkg; GDESBO10, 

67.5 mg/kg; and GDESB018, 47.6 mg/kg) exceeded both the arsenic industrial RBC of 

3 -80 mglkg and background RC of 23.9 mglkg. Arsenic was also detected in 23 of 28 Iower- 

interval samples with a range of 0.830 to 29.4 mglkg and a mean of 9.50 mg/kg. Four lower- 

interval samples (GDESBOOS, 22.6; GDESBOOS, 21.3; GDESBO10, 26.3; and GDESBO15, 23.6) 

exceeded both the arsenic SSL of 15 mglkg and background RC of 19.9 mglkg . 
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10 .SO .3 Groundwater Sampling and Analysis 

Thirty deep monitoring wells and 30 shallow monitoring wells were installed and sampled to 

assess groundwater quality and to fill data gaps where site density decreased as shown in 

Figure 10.50.2. The wells were installed as follows: 

Shallow Wells - NBCEGDEOOl through NBCEGDE030 

Deep Wells - NBCEGDEOlD through NBCEGDE30D 

Groundwater samples were submitted for analysis at DQO Level In for VOCs, SVOCs, 

pesticideslPCBs, metals, cyanide, chlorides, sulfates, and TDS, Six samples were selected as 

duplicates and analyzed at DQO Level IV for Appendix UI: analytical parameters, which includes 

the suite of parameters proposed for supplemental samples plus a more comprehensive list of 

VOCs and SVOCs as well as herbicides, hexavalent chromium, organophosphorus pesticides, and 

dioxins. Table 10.50.3 summarizes groundwater sampling and analysis at supplemental 

monitoring wells. 

Table 10.50.3 
Supplemental Sampling 

Groundwater Sampling Summary 

Wells Wells Analyses Analyses 
Depth Proposed Installed Proposed Collected Deviations 

Shallow 30 30 Standard Suitea, Standard Suite', chlorides, None 
chlorides, sulfates, and sulfates, and TDS 
TDS 

Deep 30 30 Standard Suitea, Standard Suite', chlorides, None 
chlorides, sulfates, and sulfates, and TDS 
TDS 

Note : 
a = Standard Suite includes VOCs, SVOCs, metals, cyanide, pesticides, and PCBs 
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The shallow monitoring wells were installed at 12 to 16.6 feet bgs in the surficial aquifer. The 

deep wells were installed at 21.5 to 60.9 feet bgs at the base of the surficial aquifer. AII wells 

were installed in accordance with Section 3.3 of this report. 

10.50.4 Nature of Contamination in Groundwater 

Organic compound analytical results for shallow and deep groundwater are summarized in 

Tables 10.50.4.1 and 10.50.4.2, respectively. Inorganic analytical results for shallow and deep 

groundwater are summarized in Tables 10.50.4.3 and 10.50.4.4, respectively. Appendix H is the 

complete data report for all samples collected in Zone E. 

Table 10.50.4.1 
Supplemental Sample Locations 

Organic Compounds Detected in First Quarter Groundwater 
ShaIlow Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Element Detection Conc. Conc. RBC MCL RBC 

v o c s  (PglL) 

Acetone 4/30 10.0 - 22.0 14.0 370 NA 0 

Bromodichloromethane 1/30 2.00 2.00 0.170 100 1 

Chloroform 2/30 1.000 - 13.0 7.00 0.150 100 2 

Benzoic acid 4/30 1.000 - 2.00 1.75 15,000 NA 0 
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Table 10.50.4.1 
Supplemental Sample Locations 

Organic Compounds Detected in First Quarter Groundwater 
Shallow Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Element Detection Conc. Conc. RBC MCL RBC 

Diethylphthalate 1/30 2.00 2.00 2,900 N A  0 

Fluorene 1 /30 2.00 2.00 150 NA 0 

4-Methylphenol Ip-Cresof) 1/30 3.00 3.00 18.0 NA 0 

4-Nitrophenol 1 /30 1 .OOO 1 .O(M 230 NA 0 

Penrachlorophenol 2/30 2 . 0  - 3 . 0  2.50 0.560 1.000 2 

Pyrene 1/30 1 .OOO 1.MlO 110 NA 0 

PesticidestPCBs (pg/L) 

Dieldrin 1/30 0.260 0.260 0.00420 NA 1 

Heptachlor 1130 0.0450 0.0450 0.00230 0.400 1 

Dioxins (pg/L) 

Dioxin Equiv. 214 0,0608 - 0.377 0.219 0.430 NA 0 

OCDD 1 14 56.8 56.8 NA NA NA 

OCDF 114 3.19 3.19 NA NA NA 

Engineering: Parameters (SV) 

Chloride 20130 3.40 - 4,000 1 120 NA NA NA 

Total Dissolved Solids (TDS) 23/30 180 - 7,500 2320 N A NA N A 

Sulfate 11/30 9.90 - 493 99.1 NA NA NA 

Notes: 
~ g 1 L  = Micrograms per liter 
pglL = Picognm per liter 
RBC = Risk-based concentration 
NA = No RBC or MCL esrablished 
SV = Standard units 
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Table 10.50.4.2 
Supplemental Sample Locations 

Organic Compounds Detected in First Quarter Groundwater 
Deep Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Element Detection Conc. Conc. RBC MCL RBC 

Acetone 3/30 11 .O - 39.0 24 .O 370 N A 0 

Bromodichloromethane 1/30 2.00 2.00 0.170 100 I 

Carbon disulfide 4/30 1.000 - 2.00 1.25 100 NA 0 

1,l-Dichloroethene 1/30 2.00 2.00 0.0440 7.00 1 

1,2-Dichloroethene (total) 6/30 3.00 - 56.0 25.8 5.50 70.0 4 

4-Methyl-2-Pentanone (MIBK) 1/30 2.00 2.00 290 NA 0 

Toluene 2/30 2.00 - 3.00 2.50 75 .O 1 ,OOO 0 

Trichloroethene 3/30 1.000 - 12.0 5.67 1.60 5.00 2 

Xylene (Total) 1130 2.00 2.00 1,200 10,000 0 

Acenaphthene 

Benzoic acid 

Fluorene 1/30 7.00 7 .oO 150 NA 0 

Naphthalene 1/30 3.00 3.00 150 NA 0 

Phenanthrene 1 130 2.00 2.00 150 NA 0 



Draft Zone E RCRA Facility Investigation Repon 
NAVBASE Charlesron 

Section 10: Sire-Specific Evaluations 
November 1997 

Table 10.50.4.2 
Supplemental Sample Locations 

Organic Compounds Detected in First Quarter Groundwater 
Deep Monitoring Wells 

Number of 
Range of Mean of Samples 

Freq. of Detected Detected Tap Water Exceeding 
Element Detection Conc. Conc. RBC MCL RBC 

Dioxins (pg1L) 

Dioxin Equiv. 1 12 0.00800 0.00800 0.430 NA 0 

OCDD 1 /2 7.99 7.99 NA NA NA 

Engineering Parameters (SV) 

Chloride 28130 17.7 - 18,000 4,730 NA NA NA 

Total Dissolved Solids (TDS) 29/30 288 - 32,500 8,620 NA NA NA 

Sulfate 22/30 12.0 - 1460 344 NA NA NA 

Notes: 
pg/L = Micrograms per liter 
pg/L = Picogram per liter 
RBC = Risk-based concentration 
NA = No RBC or MCL established 
SV = Standard units 

Table 10.50.4.3 
Supplemental Sample Locations 

Inorganic Detections for First Quarter Groundwater 
Shallow Monitoring Wells 

Number of 
Samples 

Range of Mean of Exceeding 
Frep. of Detected Detected Tap Water Reference RBC and 

Element Detection Conc. Conc. RBC Conc. MCL RC 

Inorganic Elements bg1L) 

Aluminum (Al) 19/30 28.0 - 16.100 2,230 3,700 2,810 NA 4 

Antimony (Sb) 3/30 2.10 - 4.90 3.67 1.50 NA 6.00 3 

Arsenic (As) 14/30 3.60 - 316 42.8 0.0450 18.7 50.0 7 

Barium (Ba) 1 1/30 17.6 - 312 79.2 260 21 1 2,Ooo 1 

Beryllium (Be) 3/30 0.350 - 0.850 0.530 0.0160 0.430 4.00 1 

Calcium (Ca) 26/30 4,250 - 229,000 87,000 NA NA NA NA 

Chromium (Cr) 9/30 1.20 - 31.4 9.68 18.0 12.3 100 2 
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Table 10.50.4.3 
Supplemental Sample h a t i o n s  

Inorganic Detections for First Quarter Groundwater 
Shallow Monitoring Wells 

Number of 
Samples 

Range of Mean of Exceeding 
Freq. of Detected Detected Tap Water Reference RBC and 

Element Detect ion Conc. Conc. RBC Conc. MCL RC 

Inorganic Elements bg/L) 

Cobalt (Co) 4/30 1.90 - 36.0 11 .O 220 2.50 NA 0 

Cyanide (CN) 2/30 4.20 - 4.50 4.35 73 .O 7.90 200 0 

lron (Fe) 28/30 359 - 70,900 10,600 NA NA N A NA 

Lead (Pb) 6/30 4.20 - 34.4 12.4 NA 4.80 15.0* 2 

Magnesium (Mg) 26/30 2,380 - 224,000 55,700 NA NA NA NA 

Manganese (Mn) 25/30 6.70 - 2,560 439 84.0 2560 NA 1 

Mercury (Hg) 4/30 0.160 - 0.610 0.293 1.10 NA 2.00 0 

Nickel (Ni) 11/30 1.000 - 6.60 2.54 '73 .O 15.2 100 0 

Potassium (K) 22/30 2,650 - 113,000 34,200 NA NA NA NA 

Selenium (Se) 2/30 3.40 - 5.20 4.30 18.0 NA 50.0 0 

Sodium (Na) 19/30 5,210 - 2,560,000 830,000 NA NA NA NA 

Thallium (Tl) 1 130 5.30 5.30 0.290 5 -40 2.00 0 

Tin (Sn) 1 /30 3.40 3.40 2,200 NA NA 0 

Vanadium (V) 24/30 0.960 - 26.0 5.88 26.0 11.4 NA 1 

Zinc Zn ) 5/30 7.00 - 47.8 25 .O 1,100 27.3 NA 0 

Notes: 
pg/L = Micrograms per liter 
RBC = Risk-based concentration 
RC = Reference Concentration 
NA = No RBC, RC or MCL established 
* = TTAL 
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Table 10.50.4.4 
Supplemental Sample Locations 

Inorganic Detections for First Quarter Groundwater 
Deep Monitoring Wells 

Number of 
Samples 

Range of Mean of Exceeding 
Freq. of Detected Detected Tap Water Reference RBC and 

Element Detection Conc. Conc. RBC Conc. MCL RC 

Inorganic Elements (pglL) 

Aluminum (Al) 5/30 42.3 - 461 209 3,700 46 1 NA 0 

Antimony (Sb) 2/30 4.50 - 6.80 5.65 1.50 NA 6.00 2 

Arsenic (As) 12/30 2.80 - 77.5 18.0 0.0450 29.1 50.0 3 

Barium (Ba) 14/30 12.4 - 322 76.0 2 a  322 2,000 1 . , 

Beryllium (Be) 4/30 0.310 - 1.000 0.510 0.0160 NA 4.90 4 

Cadmium (Cd) 1 130 1.80 1.80 1.80 NA 5.00 1 

Calcium (Ca) 29/30 45,800 - 332,000 157,000 NA NA NA NA 

Chromium (Cr) 5/30 1.50 - 2.00 1.74 18.0 2.00 100 0 

Cobalt (Co) 

Copper (Cu) 

Cyanide (CN) 

Iron (Fe) 

Magnesium (Mg) 

Manganese (Mn) 

Mercury (Hg) 

Nickel (Ni) 

Potassium (K) 

Silver (Ag) 

Sodium (Na) 28/30 28,000 - 11,100,000 3,000,000 NA NA NA NA 

Thallium (Tl) 1 130 4.70 4.70 0.290 NA 2.00 1 

Vanadium (V) 12/30 1.10 - 7.70 3.31 26.0 7.70 NA 0 

Zinc (Zn) 4/30 4.70 - 21.4 11.9 1,100 21.4 NA 0 

Notes: 
ug/L = Micrograms per liter 
RBC = Risk-based concentration 
RC = Reference Concentration 
NA = No RBC, RC, or MCL established 
SV = Standard units 
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Volatile Organic Compounds in Groundwater I 

Shallow Groundwater 2 

Six VOCs were detected in shallow groundwater samples collected at supplemental sample 3 

locations. Four VOCs - bromodichlorornethane, chloroform, 1,l  -dichloroethene, and 4 

trichloroethene - exceeded their respective tap-water RHC . 5 

Bromodichloromethane was detected in one well GDEGW03001 (2.0 pg/L) exceeding the 6 

bromodichloromethane tap-water RBC of 0.170 pg/I,. The sample did not exceed the 7 

bromodichloromethane MCL of 100 pg/L. 8 

Chloroform was detected in two of 30 samples with a range of 1.0 to 13.0 yglL and a mean of 9 

7.0 yg1L. Two samples from wells GDEGW02801 (1.0 pglL) and GDEGW03001 (13.0 ,ug/L) lo 

exceeded the chloroform tap-water RBC of 0.150 ~ g l L .  The samples did not exceed the 1 1  

chloroform MCL of 100 pg/L. 12 

1,l-DichIoroethene was detected in well GDEGW02501 (2.0 yg/L) exceeding the 13 

1,l-Dichloroethene tap-water RBC of 0.0440 ,uglL. The sample did not exceed the 14 

I ,  1-Dichloroethene MCL of 7.0 yg/L. IS 

TricNoroethene was detected in two of 30 samples with a range of 2.0 to 9.0 pg/L and a mean of 16 

5.50 pg/L. Two samples from wells GDEGW01701 (2.0 pg1L) and GDEGW02501 (9.0 pg/L) 17 

exceeded the trichloroethene tap-water RBC of 1.60 pg/L. The sample fiom well GDEGW02501 I8  

also exceeded the trichloroethene MCL of 5.0 yg/L. 19 
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Deep Groundwater 

Ten VOCs were detected in deep groundwater samples collected at supplemental sample locations. 

Five VOCs - bromodichloromethane, I, 1 -dicNoroethene, 1,2-Dichloroethene (total), 

tetrachloroethene, and trichloroethene - exceeded their respective tap-water RBC. 

Bromodichloromethane was detected in well GDEGW26DO1 (2.0 pg/L) exceeding the 

bromodichloromethane RBC of 0.170 pglkg. The sample did not exceed the 

bromodichloromethane MCL of 100 pglL. 

1,l-Dichloroethene was detected in well GDEGW 17DO1 (2.00 pg/L) exceeding the 1,l- 

dichloroethene RBC of 0.0440 pg/L. The sample did not exceed the 1,l-dichloroethene MCL of 

7.0 pg/L. 

1 ,ZDichloroethene (total) was detected in six of 30 samples with a range of 3.00 to 56.0 pglL and 

a mean of 25.8 pglL. Four samples from wells GDEGWlSDOl (9.0 pg/L), GDEGW17DOl 

(56.0 pg/L) GDEGW24DOl (28.0 pg/L), and GDEGW28DOI (54.0 pglL), exceeded the 

1,2-dichloroethene RBC of 5.50 pgIL. No sample exceeded the l,2-dichloroethene (total) MCL 

of 70.0 pglL. 

Tetrachloroethene was detected in two of 30 samples with a range of 5.00 to 63.0 pglL and a 

mean of 34.0 yg/L. Two samples from wells GDEGW 17DO1 (63.0 pg/L) and GDEGW26DOl 

(5.0 pg/L) exceeded the tetrachloroethene RBC of 1.10 pglL. Both samples also exceeded the 

tetrachloroethene MCL of 5.0 pglL. 

Trichloroethene was detected in three of 30 samples with a range of 1.00 to 12.0 pg/L and a mean 

of 5.67 pg/L. Two samples from wells GDEGW17DOl (12.0 pg/L) and GDEGW26D01 
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(4.0 pglL) exceeded the trichloroethene RBC of 1.60 yglt ,  The sample from well 

GDEGW 17DO1 also exceeded the trichloroethene MCL of 5.0 pg/L. 

Semivolatile Organic Compounds in Groundwater 

Shallow Groundwater 

Ten SVOCs were detected in shallow groundwater samples collected at supplemental sample 

locations. One SVOC - pentachlorophenol - exceeded its respective tap-water RBC 

Pentachlorophenol was detected in two of 30 samples with a range of 2.0 to 3.0 pg/L and a mean 

of 2.50 pglL. Two samples from wells GDEGWOlOOl (3.0 pglL) and GDEHW02501 (2.0 pg/L) 

exceeded the pentachlorophenol tap-water RBC of 0.560 ,uglL. Both samples also exceeded the 

pentachlorophenol MCL of 1.0 pglL. 

Deep Groundwater 

Twelve SVOCs were detected in deep groundwater samples collected at supplemental sample 

locations. One SVOC - BEHP - exceeded its respective tap-water RBC. 

BEHP was detected in six of 30 samples with a range of 1.0 to 89.0 pg/L and a mean of 

34.8 ~ g l L .  Four samples from wells GDEGW03DOl (89.0 pglL), GDEGW07DOl (70.0 ,ug/L), 

GDEGWlSDOl (40.0 pglL), and GDEGW30DOl (7.0 ,ug/L) exceeded the BEHP RBC of 

4.80 pg/L. No MCL has been established for BEHP. 

Pesticides and PCBs in Groundwater 

Shallow Groundwater 

Two pesticides were detected in shallow groundwater samples collected at supplemental sample 

locations. Both pesticides - dieldrin and heptachlor - exceeded their respective tap-water RBC 

at one location. 



Draft Zone E RCRA Facility Investigation Report 
NA VBASE Charleston 

Section 10: Site-Specific Evaluations 
November 1997 

Dieldrin was detected in well GDEGW02801 (0.26 pg/L) exceeding its tap-water RBC of 

0.0042 pg/L. No MCL has been established for dieldrin. 

Heptachlor was detected in well GDEGWOOlOl (0.045 pg/L) exceeding its tap-water RBC of 

0.0023 pglL. The sample did not exceed the heptachlor MCL of 0.400 ,uglL. 

Other Organic Compounds in Groundwater 

Shallow Groundwater 

Five dioxins were detected in shallow groundwater samples collected at supplemental sample 

locations. No tap-water RBCs or MCLs have established for these parameters. 

In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated for collected 

samples. The TEQ was calculated for two samples with a range of 0.0608 to 0.377 pg/L and a 

mean of 0.2 19 pg/L, below the 2,3,7,8-TCDD tap-water KBC of 0.430 pg/L. No MCL has been 

established for the dioxin equivalent. 

Deep Groundwater 

One dioxin was detected in deep groundwater samples collected at supplemental sample locations. 

No tap-water RBC or MCL has been established for the parameter. 

In accordance with recent dioxin guidance, TEQs (dioxin equivalent) were calculated for collected 

samples. The TEQ was calculated for one sample at 0.008 pg/L below the 2,3,7,8-TCDD tap- 

water RBC of 0.430 pg/L. No MCL has been established for the dioxin equivalent. 
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Inorganic Elements in Groundwater 

Shallow Groundwater 

Twenty-three metals were detected in shallow groundwater samples collected at supplemental 

sample locations. Nine metals - aluminum, antimony, arsenic, barium, beryllium, chromium, 

lead, manganese, and vanadium - exceeded both their respective tap-water RBC and shallow 

groundwater background RC . 

Aluminum was detected in 19 of 30 samples with a range of 28.0 to 16,100 pg/L and a mean of 

2,230 pglL. Four samples from wells GDEGW01901 (3,710 pg/L), GDEGW02601 

(16,100 pg/L), GDEGW02801 (7,040 pg/L), and GDEGW02901 (7,540 pg/L) exceeded both the 

aluminum tap-water RBC of 3,700 pg/L and RC of 2,810 pg1L. No MCL has been established 

for aluminum. 

Antimony was detected in three of 30 samples with a range of 2.10 to 4.90 pg/L and a mean of 

3.67 pg/L. Three samples from wells GDEGW01801 (2.1 pg/L), GDEGW01901 (4.0 pg/L), 

and GDEGW02401 (4.9 pg/L) exceeded the antimony tap-water RBC of 1.50 ,uglL; no RC has 

been established for antimony. No sample exceeded the antimony MCL of 6.0 pg/L. 

Arsenic was detected in 14 of 30 samples with a range of 3.60 to 316 pg/L and a mean of 

42.8 pgIL. Seven samples from wells GDEGW00201 (3 16 pg/L), GDEGW00301 (51 -7 pg/L), 

GDEGW00601 (18.7 pg/L), GDEGW00801 (56.3 pg/L), GDEGW01601 (55.8 ,ug/L), 

GDEGW02701 (23.3 pglL), and GDEGW02901 (20.5 pg/L) exceeded both the arsenic tap-water 

RBC of 0.0450 pg/L and RC of 18.7 pg/L. Samples GDEGW00201, GDEGW00301, 

GDEGW00801, and GDEGW01601 also exceeded the arsenic MCL of 50.0 pg/L. 

Barium was detected in 11 of 30 samples with a range of 17.6 to 312 ,ug/L and a mean of 

79.2 pg/L. One sample from well GDEGW01201 (3 12 gglL) exceeded both the barium tap-water 
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RBC of 260 pglL and RC of 211 pg/L. The sample did not exceed the barium MCL of I 

Beryllium was detected in three of 30 samples with a range of 0.350 to 0.850 pg/L and a mean 3 

of 0.530 pg/L. One sample from well GDEGW02601 (0.85 pg/L) exceeded both the beryllium 4 

tap-water RBC of 0.016 pg/L and RC of 0.43 pg/L. The sample did not exceed the beryllium 5 

MCL of 4.0 pglL. 6 

Chromium was detected in nine of 30 samples with a range of 1.20 to 31.4 pglL and a mean of 7 

9.68 pg/L. Two samples from wells GDEGW02601 (22.1 pg/L) and GDEGW02801 (3 1.4 pg/L) s 

exceeded both the chromium tap-water TTAL of 18.0 pglL and RC of 12.3 pg/L. 9 

Lead was detected in six of 30 samples with a range of 4.20 to 34.4 pg/L and a mean of lo 

12.4 pg/L. Two samples from wells GDEGW02401 (34.4 pg/L) and GDEGW02601 (20.8 pg/L) 11 

exceeded both the lead tap-water RBC of 15.0 pg/L ant1 RC of 4.8 pg/L. Both samples also 12 

exceeded the lead MCL of 15.0 pg/L. 13 

Manganese was detected in 25 of 30 samples with a range of 6.70 to 2,560 pg/L and a mean of 14 

439 pg/L. One sample from well GDEGW00901 (2,560 pg/L) exceeded both the manganese tap- 15 

water RBC of 84.0 pglL and RC of 2,560 pglL. No MCL has been established for manganese. 16 

Vanadium was detected in 24 of 30 samples with a range of 0.960 to 26.0 pglL and a mean of 17 

5.88 pglL. One sample from well GDEGW02601 (26 pg/L)  exceeded both the vanadium tap- la 

water RBC of 26.0 pg/L and RC of 11.4 pglL. No MCL has been established for vanadium. 19 
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Deep Groundwater 

Twenty-two metals were detected in deep groundwater samples collected at supplemental sampling 

locations. Six metals - antimony, arsenic, barium, beryllium, cadmium, and thallium - exceeded 

both their respective tap-water RBC and deep groundwater background RC. 

Antimony was detected in two of 30 samples with a range of 4.50 to 6.80 pglL and a mean of 

5.65 pg/L. Two samples from wells GDEGW 1 ODO 1 (4.5 pg/L) and GDEGW 19DO 1 (6.8 pg/L) 

exceeded the antimony tap-water RBC of 1.50 pg/L; no RC has been established for antimony. 

The sample from well GDEGW19DOl also exceeded the antimony MCL of 6.0 pg/L. 

Arsenic was detected in 12 of 30 samples with a range of 2.80 to 77.5 pg/L and a mean of 

18.0 pg/L. Three samples from wells GDEGWWDOl (77.5 pglL), GDEGW 15DO1 (29.1 pglL), 

and GDEGW29DOl (32.0 pglL) exceeded both the arsenic: tap-water RBC of 0.045 pg/L and RC 

of 29.1 pglL. The sample from well GDEGW09DOJ. also exceeded the arsenic MCL of 

50.0 pglL. 

Barium was detected in 14 of 30 samples with a range of 12.4 to 322 pglL and a mean of 

76.0 pg/L. One sample from well GDEGW23DOl (322 pglL) exceeded the barium tap-water 

RBC of 260 pg/L and equaled the RC of 322 pg/L. The sample did not exceed the barium MCL 

of 2,000 pg/L. 

Beryllium was detected in four of 30 samples with a range of 0.310 to 1.0 pglL and a mean of 

0.510 pg/L. Four samples from wells GDEGWOSDOf (1 .CJ pg/L), GDEGW 18DOI (0.3 1 pglL), 

GDEGW27DOl (0.36 pg/L), and GDEGW30DO1 (0.37 pglL) exceeded the beryllium tap-water 

RBC of 0.0160 pglL; no RC has been established for beryllium. No sample exceeded the 

beryllium MCL of 4.0 pg/L. 
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Cadmium was detected in one of 30 samples at 1.80 pg/L. One sample from well GDEGWCMDOI 

(1.8 pg/L) exceeded the cadmium tap-water RBC of 1.8 pg/L; no RC has been established for 

cadmium. The sample did not exceed the cadmium MCI, of 5 -0 pglL. 

Thallium was detected in one of 30 samples at 4.70 pg/L. One sample from well GDEGWlSDOl 

(4.70 pg/L) exceeded the thallium tap-water RBC of 0.290 pg/L; no RC has been established for 

thallium. The sample also exceeded the thallium MCL of 2.0 pg/L. 

10.50.5 Fate and Transport Assessment 

To help characterize background conditions and provide data points where site-specific data are 

missing, supplemental soil and groundwater samples were collected throughout Zone E. 

Migration pathways were not assessed for soil and groundwater samples collected at supplemental 

locations, however, results from several locations were incorporated into site-specific assessments. 

10.50.6 Human Health Risk Assessment 

A forma1 risk assessment was not conducted for supplementaI sample locations. Results from 

several supplemental locations were incorporated into site-specific assessments to further delineate 

sites and aid in the risk assessment process. 

10.50.7 Corrective Measures Considerations 

Corrective measures were not considered for supplemental locations, however, contamination 

identified at supplemental locations will be further addressed in the CMS for Zone E. 


